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your test programs. 

They're backed by strong factory support. 
From applications engineering and customer 
service. To a manufacturing group that hits over 
98% of its committed first ship dates. 

And we work closely with our distributors to 
help them work for you, too. With prototypes when 
you need them. Complete PAL and PROM pro- 
gramming services. Plus volume inventory levels. 

So if your present supplier’s idea of service 
and support is a hotline and a datasheet, consider 
the alternative. 

Monolithic Memories. 

Where we're all pulling for you. 


Now, it’s your turn to drop us a line. Tell us in 
a sentence or two what service and support mean 
to you. And we'll send you a free full-size poster of 
the photo below. 

Monolithic Memories, 2175 Mission College 
Blvd., Santa Clara, CA 95054. Attn: Literature 
Dept. MS 09-14. 


PAL is a registered trademark of Monolithic Memories, Inc. 
© 1986, Monolithic Memories, Inc. 


Monolithic 
Memories 
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Advanced products require advanced service 
and support. Unfortunately, they don’t always go 
hand in hand. 

Unless, of course, you go with Monolithic 
Memories. 

First, we have some of the brightest Field 
Application Engineers this side of M.I-T. They 
know our PAL; PROM and advanced logic ICs 
inside and out. 

What’s more, they all have four to eight years 
of system design experience. And it shows. 

Our FAEs will show you how to use our circuits 
and software to your best advantage. Troubleshoot 
your design problems. Even help you debug 
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Sometimes 
you need 
more than 

justa 


hotline. 














50KHz to 2000MHz, 100mWoutput Gain Controlled Fron $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17 dBm 
Output and is still priced at only $179. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MHz, delivers +20 dBm output. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3 dBm output with 30 dB gain control 
while maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500M#z, delivers 10 dBm 
output for the unbelievably low price of only $69. 

One week delivery ...one year guarantee. 

Gain the competitive edge... specify Mini-Circuits 
RF/IF signal-processing components. 


SPECIFICATIONS 


Model No. ZFL-500 ZFL-1000G ZFL-2000 
Freq (MHz) 0.05-500 10-1000 10-2000 
Gain (dB), Min. 20 17 20 
Gain Flatness (dB) Max. +1.0 t1,0 +4.5 
Max. Power (dBm) 

(1dB compression) +10 +3 +17* 
NF (dB) typ. a8 12 7.0 
3rd order 

Intercept pt (dBm) +18 +13 +25 
Current at 15V dc 80mA 90mA 100mA 
Price $ 69.95 199 179 

qty. 1-24 1-9 1-9 


ZFL-1000H 
10-1000 

28 

+1.0 


+20 
5.0 


+33 
150mA 
219 
1-9 


For complete specs on these and our 1- and 2-W models refer to 1985-86 


Gold Book or Microwaves directory. 
*+15 dBm below 1000MHz 


finding new ways... 
setting higher standards 








World's largest manufacturer of Double Balanced Mixers 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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more 
Gough mixers 










Today, ten years after its 
introduction, the SBL-1 has 

earned its reputation as tough... the 
world’s most widely accepted mixer for ruggei 
industrial and military applications, judged on the basis 
of high quality, consistent performance in the field, 

and lowest in cost. 


And the winning formula is not a secret. 


Using the latest automated production and test equipment 


available, Mini-Circuits stress tests each individual compo- SBL SPECIFICATIONS (typ.) 


nent before assembly and then subjects each assembled lsolation,dB _—~Price 
SBL-1 to 17 grueling tests before acceptance, date coding Model Freq.(MHz) Conv.Loss L-R_ L-l (10-49) 
and close checking for unit-to-unit repeatability. SBL-1 1-500 os) 45 40 $4.50 
The SBL-1 does have one drawback however. It only covers eae i ao te i .: ha 
1 to S00 MHz. That’s why we've expanded the product fam- SBL-1-1. 0.1-400 55 35 40 $6.50 
ily with additional models to cover 25 KHz to 1000 MHz. The SBL-3 0.25-200 Bs 45 40 $7.50 


new units are assembled with the same production and test 
expertise as the SBL-1; that’s why we can offer 0.1% AQL 
on all SBL models .. . no rejects, not a single one, on every finding 
order shipped. So don’t compromise your design or settle 
for a poor imitation. Specify Mini-Circuits SBL Mixers. 


* If not DC coupled. 


For full specifications call or write for latest RF/IF 


Signal Processing Handbook or refer to EEM, Gold | A Division of Scientific Components Corporation 


i j World's largest manufacturer of Double Balanced Mixers 
Book, or Microwaves Directory. P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 


Domestic and International Telex 125460 International Telex 620156 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: Manufacturers of com- 
munications ICs are offering a plethora of 
protocol chips, ranging from standard 

UA RTS to multiprotocol devices that han- 
dle synchronous as well as asynchronous 
communications. See pg 102. (Photo 
courtesy Intel) 
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SPECIAL ISSUE 


DESIGN FEATURES 
Special Report: Datacomm protocol ICs 102 


Multiprotocol ICs can support communications for synchronous, 
full-duplex packet-switching networks. They also support the still- 
popular asynchronous character-switching networks. 





ICs simplify design 119 
of single-sideband receivers 

Single-sideband transmission has served well for decades in radio and 
telephone systems. Unfortunately, cost considerations have limited its 
use. Today, state-of-the-art ICs allow you to design low-cost SSB 
receivers that perform as well as their expensive predecessors. 





Universal switched-capacitor filter 139 
lowers part count 

Switched-capacitor filter ICs take advantage of carefully controlled 
semiconductor processes to deliver tight tolerances without hand tun- 
ing; they’re suitable for a variety of voice- and data-communications 
applications. 





Bus links peripherals, 153 
multiple master in low-speed network 

The [°C serial bus lets you link microcontrollers to local peripherals 
or other local controllers, forming a flexible and easily expandable low- 
speed network. 





Designer’s Guide to: 173 
Linear control-system theory—Part 1 


Dynamic signal analyzers, which analyze signals in both the time 
and frequency domains, aid you in taking control-system measure- 
ments and in performing other steps in system development, such as 
analysis, modeling, and design. Part 1 of this 3-part article presents an 
overview of classical linear control theory. 


Continued on page 7 
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There's only one signal generator 
that’ abetter value than the 6060A. 


The new 6060B. 





Price, features and performance. Judge 
the new 6060B by its specifications. 

When we introduced the 6060A, it was 
without a doubt the best signal generator 
value on the market. With its unique architec- 
ture, this fully programmable synthesized RF 
signal generator offered the RF industry the 
performance it needed for design, testing and 
maintenance applications. Yet it was priced 
well below other generators in its class. 

The new 60608 takes this remarkable 
Signal generator another major step ahead. 
New wider frequency range. 

The 6060B has an even wider output fre- 
quency range. Low end coverage is extended 
to 10KHz for VLF and LF applications and still 
maintains the capability to output frequencies 
up to 1050MHz. 


Better residual FM and amplitude 
accuracy. 

Guaranteed amplitude accuracy is now 
+1.0dB from +13dBm to —127dBm, im- 
proved from +1.5dB. You can rely on precise 
amplitude control across the frequency range. 

Residual FM performance specification has 
been improved by better than 30% in all 
bands. It is now guaranteed less than 10Hz 
rms (.3 to 3KHz) at 500MHz. 

Three options now included standard. 

We've added three popular options to the 
Standard 6060B model for much less than 
youd pay for each separately. Now standard 
are: Non-Volatile Memory that can store 50 
instrument settings up to two years without 
power, Reverse Power Protection, and Sub- 
Harmonic External Reference input. 


*Suggested U.S. price only 


Good news on the bottom line. 

Although we've boosted performance and 
Standard features, the 6060B is still priced at a 
modest $4995.* We think that makes it an 
unbeatable value in general purpose signal 
generators. Second to none. 

For more information about the 6060B, call 
1-800-426-0361 or contact your local Fluke 
Sales Engineer or Representative. 


Fluke 6060B 


Frequency range 
Amplitude range 
Accuracy 


10KHz— 1050MHz 
+13dBm to —127dBm 
+1.00B 





Harmonics <—30dBc 
Spurious <—60dBc 
Modulation AM/FM 
IEEE-488 Interface, opt. 488 switch speed <100 ms, typ. 


Se OE eee ee 








IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 


© Copyright 1985 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4405-6060 
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TECHNOLOGY UPDATE 


Increasing po ularity of MAP spurs market 51 
for compatible chips, boards, and boxes 


Continued from page 5 





The drive towards computer-integrated manufacturing and factory 
automation is forcing industrial LAN technology to standardize in the 
direction of the manufacturing automation protocol (MAP). Factory 
planners are attracted to the MAP’s promise of plant-wide sharing of 
information among all sectors of an organization. 





Sensing a large potential market for 
equipment that complies with the 
manuficturing-automation-protocol stan- Specialized CAE/CAD hardware accelerators 63 


dard. several vendors have recently in- d : ; 

me ecrease run times for eve design ste 
troduced box-, board-, and chip-level ry & p 
products that make it easy for you to de- You can now select a hardware accelerator to speed any stage of your 


sign MAP compatibility into your sys- computer-aided engineering and design projects. For CAE applica- 
tems (pg 51). tions, companies have introduced accelerators that simulate electrical 
circuits. For CAD applications, you can choose accelerators that lay 
out pc boards or custom ICs. 








PRODUCT UPDATE 





CMOS chip set 77 

VME Bus board family 81 

Dual voltage-reference and comparator ICs 82 

32-bit single-board computer 85 

| Programmable 802.3 LAN-protocol analyzer 86 

——————————— Printed-circuit-board sockets 89 
Hardware accelerators can speed the ex- ; 

ecution of CAE and CAD programs by a Electrically erasable array 20 


factor of 1000. But the accelerators are 


expensive and inflexible, so make sure you DESIGN IDE AS 


carefully evaluate competing models before 





choosing one (pg 63). Feedforward amplifier reduces distortion 199 
ECL IC forms high-speed oscillator 199 
C-program input functions are user friendly 202 
Memory mapping reduces component count 206 
Transducer improves ultrasonic ranging 206 


Continued on page 9 
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On Mt. Everest you don’t settle for 
second best. A scope has to be 
ready and able to measure under the 
toughest conditions on earth. For 
members of the Ultima Thule expedi- 
tion, that meant a scope from 
Tektronix. 


The team was on Mt. Everest to 
study the origins and effects of 
altitude sickness from research sta- 
tions located at 17,000 and 21,300 
feet. To accompany them they chose 
the Tek 2337 for its exceptional rug- 
gedness and outstanding ease of 
use. Plus a well-earned reputation for 
no-compromise performance, no 
matter what. 


er TE 


Copyright © 1985, Tektronix, Inc. All rights reserved. TTA-609 
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Nothing stopped the scope from 
making its appointed measure- 
ments. Most impressive, it was used 
to troubleshoot, repair and calibrate 
medical test equipment that failed to 
operate at the 21,300-foot station. 


Says spokesman Tom Clement, 
“Our research efforts were salvaged, 
at the highest and most critical 
altitude, thanks to the Tek scope.” 


For peak performance anywhere, 


depend on Tek’s world-class family 
of portable scopes. Twelve scopes 
in all offering either analog or digital 
storage performance at bandwidths 
from 60 MHz to 300 MHz. Plus 
designed-in reliability that helps 
reduce your measurement costs. 
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TEK SCOPE MAKES 
WORLD’S TOUGHEST SERVICE CALL. 





To precisely match your needs, 
choose from three Tek 2000 family 
lines. The standard-setting, high- 
performance 2400 Series. The 
ultra-rugged 2300 Series. And the 
popularly-priced 2200 Series. All 
backed by Tek's 3-year warranty that 
includes the CRT. 


To get your hands on a scope 
that goes where you go and 
doesn’t scrimp on performance, 
contact your local Tek Sales Repre- 
sentative. Or call the Tek National 
Marketing Center toll-free: 


1-800-426-2200. 
In Oregon, call 1-627-9000. 


teen nS hn hs heehee ene 


Tektronix. 


COMMITTED TO EXCELLENCE 





Continued from page 7 April 3, 1986 
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With Philips high-speed CMOS 
(HCMOS) logic ICs, the answer’s no. 
Because they’ re free from latch-up. 





What causes latch-up? 

Latch-up occurs when SCRs (formed by 
parasitic bipolar transistors found in all 
CMOS structures) are triggered by current 
transients arising from over-voltage at the 
input, output or supply pins, or by 
ringing on the signal pins. The resulting 
short-circuit across the supply rails causes 
excessive current and inevitably destruc- 
tive power dissipation. : 








DIL or SO? The whole range of Philips 74HC/ 
— HCT/HCU logic is available in both packages. 


How is it overcome? | 
We prevent any current injection into the 
SCR structures by growing an epitaxial — 
layer on a very low-resistivity substrate 
And by using unique design and process 
parameters to minimize the gain of the 


parasitic transistors, we achieved complete _ 


latch-up immunity. No burn-out. 
| So you improve system perform- 
ance, and by eliminating additional 


components to protect against latchup __ 


_ you not only cut component costs but 


also optimise system speed. 





Australia: Artarmon, Tel. (02) 4 


Tel. 629111. Belgium: Bruxelles, Tel. (02) 2427400. 


Brazil: Sao Paulo, Tel. (011) 211-2600.Denmark: 


- Copenhagen, Tel. (01) 541133. Finland: Helsinki, Tel. Se 


17271. France: Paris, Tel. (1) 433 88000 





i290- 


Hamburg, Tel. (040) 3296-0. Greece: Athens, Tel. (1) 
_ 9215311. Hong Kong: Kwai Chung, Tel. (0) ; 245121. : 





tch-up cause 


322. Austria: Wien, India: Bombay, Tel. ( 


1 Greece: Athens, Tel. (1) 








b 


And you gain reliability. With a 
product that will not fail during system 
test. Or in the field. ee 


Harsh environments? 


Even in noisy, high-temperature environ- 
ments such as automotive and industrial 
applications, Philips HCMOS logic goes 
on working. And you get exceptional 
noise immunity because the input 
switching levels of 74HC/HCU circuits 
are 30% and 70% of the supply voltage. 
Moreover, the whole Philips 74HC/ 
HCT/HCU family has a standard 


temperature range from —40 to +125 °C. 


Want to know more? Then call 
your local Philips organisation (see below). 
We're on-hand with full technical 
support and documentation. Including a 
Designer’s Guide with all the answers to 
your all-important questions about — 


HCMOS. 


Typical breakdown occurs at Voc = 22V, loc = 5,9 MA. 












Curve maces ee from latch-up test with 


excess supply voltage. At no time did latch-up — 


occur in the Philips HCMOS IC, since the supply , 
_ voltage snaps backto13Vie | 


SRE AE 














AAA & The name is Philips - 
HOMES whe rose is CMOS 
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In TRODUCING 5-STAR SERVICE. 


©1985 Siliconix incorporated. 5-Star Service is a trademark of Siliconix incorporated. 











ITS BASIC TO ASIC. 


x Free design manuals, cell manuals, and 
software libraries for Daisy, Mentor, 
and FutureNet workstations. 

* 100 first pre-production pieces free. 

* Guaranteed prototype delivery dates. 

* Guaranteed NRE and no additional 
CPU charges. 

* Guaranteed production prices for 
two years. 3 

Announcing the Siliconix 5-Star 
Service™ Program. Anything else is just 
basic ASIC. 

5-Star Service means the end of 
excessive up-front charges for gate 
array designs. So you can buy gate 
arrays as easily as if they were 
completely standard products. 

Compare us with your current 
supplier on your next job. 

Call (408) 970-4107. 

We'll send you a complete fact 
sheet, free. You'll find that we not only 
give you better control over the design 
process, but we also save you a lot 
of money. 

In fact, the only money we can't 
save you is the money you've already 
spent with our 


competitors. S a I ICcConix 


incorporated 


bef Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, CA 95054, (408) 970-4107 TWX 910-338-0227. 
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problems you don’t expect. 


er you're working with an 
6-bit or even a 32-bit micro- 


“ocessor or several. No bug 
ed too deep for Applied 
tems emulators. 


ig a reliable 8-bit favorite 


engineering maga- 
t 8-bit in-circuit 


ntel, Motorola or Zilog. 


included new high performance | 
-cross-assemblers. | 


 Bestofall, in addition to more 
capabilities, we've even held our 
low price. © | 


Our 16-bit emulator keeps 
state-of-the-art system debug 
from turning into a state 


ofsiege. 


It takes a powerful emulator, 
not promises, to get a bug-free 
product to market quickly. Applied 
Microsystems’ 16-bit ES emulator 
runs identically to the processor in 
your target system. At the full- 
rated clock speed. pat 

Our unique Event Monito 
System lets you precisely control 
and monitor emulation flow with 
a combination of address, data, 


| status, pass counter, and logic 


state events. You can quickly sort — 


through thousands of bytes of — 

code to find the small sections _ 
where bugs are embedded. Once 

discovered, use our resident sym- 
bolic deb 


ug to quickly patch in 
and test it in real time. 






development environ- 
VS, ou the combined 
rated hardware and 





debugger, Vali- 
nd Pascal on 


__ Seventy-two hours ago 
idn't know you needed an emulator. 


New! Real-time emulation for 
the 32-bit 68020. 

Working with the 68020? 
Applied Microsystems has a new 
32-bit emulator for our ES series. 
All the powerful debug features 
you expect from the ES. And its 
available now. 





PROCESSORS SUPPORTED 
BY APPLIED MICROSYSTEMS 


8-BIT: 8080, 8048 family, 8085, 8088, 
80188, Z80, NSC-800, 6800 family, 6809, 


— 6809E, 68008, V20 


16-BIT: 68000, 68010, 8086, 80186, 


7800X, V30 nea 
-32-BIT: 68020 








Ask us for the facts. You'll like 
what you hear. 


- Call toll-free for the technical 


and applications information that 
_ supports our promises: 1-800- 
426-3925. In Washington, call 
(206) 882-2000. Or write Applied 
Microsystems, P.O. Box 97002, 


Redmond, WA 98073-9702. 


In Europe: Brooke House, Market Square, 


" Aylesbury; Buckinghamshire, HP20 1SN, England. 


Tel: 44 (0296) 34822. 


= 
Applied 
Microsystems 
Corporation 
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Choose LASAR logic simulation 


GO BA 
5 SPACES 


PETE 


RULES OF PLAY: 

The Simulation Game is for design engineers 
and CAE/CAD/ATE managers of all ages. Any 
number can play. 

The object is to uncover design flaws in 
devices, boards, and systems. Verify perform- 
ance. Avoid multiple prototypes. And create 
quality tests. 

The winner will get to market fastest. 

And earn great profits. Ready? Let’s begin. 
Visiting A Model Library. 

First, move your game piece and look 
at each simulator’s model library. But 
watch out! Don’t risk everything on 
library size alone. 

Instead, insist on quality of infor- 
mation as well as quantity. Look at 
LASAR Version 6. 

Quantity? Over 4,000 complete 
devices. Quality? The best. Every 









CAUGHT SP 
BE GEON |F 


oe - 
CONDITIONS fa eunet 
GO BACK TON — _ TIMIN 


model is hardware verified. Functionally accu- 
rate. With manufacturers’ timing specs. 

It’s also the only library with the Intel Bridge: 
complete device models directly from Intel’s 
design data base. Its models of parts like the 
8051, 8086, 80186, and 80286 are a real short- 
cut for new board designs. 

What's not in the library, LASAR helps you 
build. With behavioral and register transfer lan 
guages to model from the top down. Structural anc 
functional primitives to build from the ground up. 
Combine models at any hierarchical level for 
true mixed mode simulation. 

So, do you choose libraries with sheer 
volume? Or with volumes of useful 
information? 
Avoiding States Of Confusion. 
Now answer a logical question. Is the 
simulator with the most logic states the 
most accurate? 
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LASAR Version 6 has 15 logic simulation 
values. Plus min and max signal strengths for 
every drive state, to help you navigate tricky 
electrical currents around buses, wired nets, 
and bidirectional transfer gates. All told, equiv- 
alent to more than one billion states. 

With one picosecond resolution, LASAR 
also analyzes worst-case timing. It’s the only 
simulator that reliably predicts hazards by 
eliminating common timing ambiguity. 

With LASAR, you always know what state 
youre in, regardless of circuit design or IC 
technology. 

State the obvious. Is LASAR’s simulation 
accuracy best? Sorry, an incorrect answer here 
and you end up in the wrong state. 

Escaping The Speed Trap. 

Proceed with caution as you compare simu- 
lation speed. 

Events per second is only one clue to per- 
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formance. Evaluation accuracy is the other. 

LASAR simulation adds full logic and min/ 
max timing analysis, and detailed hazard 
reporting, for the most complete design evalu- 
ation possible. Without any speed penalty. 

New LASAR SimuLite™ verifies circuit 
functions three to eight times faster than 
other logic simulators. 

And concurrent time-based fault simula- 
tion with LASAR is five to 50 times faster 
than the competition. 

Time again to choose. Then resume speed. 
Bridging The Gap Between 
Design And Test. 

LASAR Version 6 connects CAE/CAD 
with ATE. 

Its netlist converters translate circuit sche- 
matic data from leading CAE and CAD sys- 
tems. With UNIX and VMS versions, it runs 
on leading workstations and minicomputers. 

And LASAR comes from Teradyne. We 
know ATE hardware. So patterns and diag- 
nostics move from design to prototype and 
production test with ease. 

Others say they bridge the gap. But don't 
get left hanging. You'll be on firm ground 
with LASAR. 

Winning The Game. 

Simulation is not a trivial pursuit. But with 
LASAR Version 6 you can win the board 
game. Gain a monopoly on good design. 

And get to market fast. 

Don't play around. 
Write Teradyne, 

321 Harrison Avenue, Boston, 
MA 02118. Or call someone who 
knows the score: Daryl Layzer, 
LASAR Software Product Group, 
(617) 482-2700, ext. 2808. 


y ERADY NE; 


We measure quality. 
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Your move. 


WHY BE A PAWN IN THE GAME? 
CHOOSE FROM THE PP40 SERIES OF GANG PROGRAMMERS. 


PP40 Ideal for the production 
environment-—robust and simple to 
use. Capable of programming a 
gang of eight devices, it'll solve all 
your copying problems in one 
single-key operation — and at a price 
you ll appreciate. 

PP41 All of the PP40’s 
advantages, but useable too for 


If you've ever felt cornered by 
the lack of choice in gang or set 
programming, Stag have the 
answer. 

The PP40, PP41 and PP42 are 
stand-alone, low-cost, high speed 
programmers with fast 
programming algorithms that can 
meet virtually any requirement. 





Plug-in modules will handle leadless devices. 


24 & 28-pin Eproms and EEproms can be development purposes thanks to its built-in RAM, 
programmed, with extensive self-test and fault- a powerful editor and dual RS232C I/O ports. 
finder software built-in. PP42 The top of the range. This includes the 
Parameter storage is non-volatile and there are important feature of Set Programming, for design 
bi-coloured ‘Socket Status’ LEDs and a large development. The ‘Interlace’ concept enables fast 
16-character alphanumeric display. Together, these handling of 8, 16 and 32-bit data, with a2 mega- 
enable extensive error reporting. bit RAM as standard. 
- Plug-in modules for future hardware expansion The Stag PP40 SOQ 
will handle new package styles — including Series. With our choice, 
leadless devices. you need look no further. 


Sophisticated systems for the discerning engineer. 


Stag Microsystems Inc, 528-5 Weddell Drive, Sunnyvale, CA 94089. Tel: 408-745-1991. Telex: 910339 9607. 
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IC DESIGN KIT SUPP 


If you use the CMOS 3s 
advantage of the low-cost. 
California’s Information Se 
Implementation System), c m 
wafer, thereby splitting the 
costs range from $3500 to $1¢ 
CMOS 3 library from Ment 
software that runs on Ap 
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SILICON COMPILATION COMES TO EN GINEERING WORKSTATIONS 


Silicon Compilers (San Jose, CA) offers its Genesil 100 Silicon Development system 
for Apollo color workstations, including the recently announced DN570. For the 
MicroVAX II, you can run either the Genesil 100 system, the &-user Genesil 200 sys- 
tem, or the $75,000 Generator Development Tools software from Silicon Design Labs 
(Liberty Corner, NJ). The Genesil 100 for an Apollo workstation costs $132,000 and © 
will be available on April 15; the Genesil 1 200 costs $295, 000. —David Smith 


VLSI CHIPS SIMPLIFY IsDN SYSTEM DESIGN g. 


A set of four VLSI chips provides the framework for the lowest two layers of inte- 
grated services digital network (ISDN) systems that conform to the open-system inter- 
connection (OSI) model. The four VLSI ICs from Siemens Captial Corp (Iselin, Nd, (201) 
321-4540) provide communication-control, echo- cancellation, and burst-control opera- 
tions as well as S- Bus interface circuits. For eee the manufacturer’ s ICC chip 
channels and one message- -oriented Idle pps channel Siuiene also eee a fifth chip— 
the SAB-82520 ISDN high- -level communication controller— which supplies two full- 
duplex HDLC communication channels. The chip includes telecommunication-specific 
features, such as time-slot assignment, that let it handle packet-switched data on ISDN 
subscriber line interface Gees ‘Prices for the chips Seaey. at $16 (1000).—Jon Titus 


2-4m STANDARD-CELL LIBRARY BOASTS 40-MHz CLOCK RATES 


NCR Corp Microelectronics Div’s (Dayton, OH, (303) 226- 9500) e-p standard-cell 
library, which supports a CMOS double-level metal technology, forms the foundation of 
a library of standard cells shared by NCR and Motorola Semiconductor Products. The 
library provides users with an upgrade path from NCR’s 3-y product line. The new 
library allows unrestricted clock rates of 30 MHz and restricted rates to 40 MHz. Pack- 
aging pbs include Bie: cas arrays and surface-mount devices. —Maury Wright 


1.4-nSEC CMOS ARRAYS OFFER RAM AND ROM 


Three families of CMOS arrays from Fujitsu Microelectronics (Santa C Clara, CA) offer 
gate delays of 1.4 nsec, gate densities as high as 8000 gates, and on-chip RAM and 
ROM. Arrays in the AVM family offer 1k to 2k bits of RAM with an access time as low 
as 26 nsec (access time depends on memory size and configuration). Between ek and 
4k bits of ROM are also included on AVM arrays. The AVB family of arrays integrates 
as many as 2052 gates and drives 10- mA signals. The AV family includes arrays with 
gate densities from 2640 to 8000 gates. Prices for production devices are less than 
$0.005 per gate, depending on device complexity and packaging. Turnaround time is 
seven weeks typ.—David Smith 


ERASABLE CMOS PLD REPLACES 22V10-TYPE PLDs 


You can replace bipolar 28V10 PLDs with the CMOS PAL C 22V10 from Cypress Semi- 
conductor (San Jose, CA) and take advantage of the CMOS part’s reprogrammability 
and lower power consumption. It matches the timing parameters of AMD’s Am22V10A 
but consumes 80 mA vs the bipolar part’s 180 mA. It can replace 10 other 24-pin PLDs 
as well: 2OL10, 20L8, 20R8, 20R6, 20R4, 18L10, 14L8, 16L6, 18L4, and 20L2. You 
reprogram the PAL C 88V10 under an ultraviolet lamp, allowing you to change your de- 
sign or to use the part in another system. Commercial chips in plastic DIPs cost 
$28.35; military versions in ceramic DIPs cost $72 (100).—David Smith 
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ments do not a SCSI chip 
make. Over the years, 
NCR has cultivated a 
SCSI reputation by deliv- 
ering chips. Not promises. 

To date, hundreds of host and peripheral 
manufacturers have committed designs to 
our SCSI chips. We like to think that’s be- 
cause NCR expertise played an instrumental 
role defining the ANSI X3T92 standard from 
the start. 

Or maybe more manufacturers design our 
SCSI single-chip controllers into hosts, 
printers, tape drives, rigid and optical disks 
because of the breadth of our product line. 

Or perhaps it’s a compatibility issue. ‘The 
fact that NCR SCSI chips assure plug com- 
patibility with hosts and peripherals regardless 
of manufacturer. 

Or a real estate issue. The fact that NCR 
offers the system integrator single-chip solu- 
tions that replace multiple chips or boards. 


OF A SCSI 
REPUTATION. 


the biggest reason 
more companies rely 
on NCR SCSI chips 
is availability. We 
actually have product 
on the shelves. Here and now. 
5385E — Full protocol integration, highest 
performance family member—48 
pin package 
5380 — Single-ended bus transceivers 
included—40 pin package; CMOS 
available 
5381 — Differential pair implementation 
—48 pin package 
5386S — Synchronous superset of 5385E 
which provides parity through 
the chip—samples available. 
When you need more than SCSI talk, talk 
to NCR. We're in the shipping business. 
For additional information, specifications 
and catalogs call your local NCR represen- 
tative, 1-800-525-2252. 





QUALITY, SERVICE, SUPPORT. YOU CAN EXPECT IT FROM NCR. 


NCR Microelectronics Division 


© 1986 NCR Corporation 
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It makes perfect sense. 

Think about it. 48 channels of state analysis, full analog 
capability, and powerful 200 MHz timing analysis where it 
counts—on all 16 timing channels. Time and event histo- 
grams to monitor software performance. Dual floppy disk 


THE LOGICAL drives, special I/O software, IEEE-488 controller and RS-232 
Master/Slave operation to enhance your development and 
trouble-shooting efficiency. A general purpose computer, with 
a CP/M operating system. The 800 gives you all this and 

a more in one instrument. 


ee = Easy to operate. 

In fact, you probably already know how to use it. All the 
functions and options are accessed and controlled through 
a familiar ASCII keyboard. And all of the 800 Series config- 
urations are modular. That makes expansion easy and cost 
effective. 













The logical solution. 

Before you make any decisions about your next logic 
analyzer, you owe it to yourself to take a close look at the 
Nicolet 800 Series. Call us today at 608/273-5008. Or write 
Nicolet Test Instruments Group, P.O. Box 4228, 5225 Verona 
Road, Madison, WI 53711-0288. 


CP/M is a registered trademark of Digital Research Corporation. 





cz Nicolet 
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from 


(1-49) 


one-piece design defies rough handling 


Check these features: 


V Each unit undergoes high-impact shock test 
V Available from 1 to 40 dB 

Y DC to 1500 MHz 

¥ Unexcelled temperature stability, .002 dB/°C 
¥ 2W max. input power (SMA is 0.5W) 

VY BNC, SMA, N and TNC models 


Y Immediate delivery, 1-yr. guarantee 


Precision 50-ohm terminations... only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 

SMA (model STRM-50), N (model NTRM-50) 


A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460; International Telex 620156 
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Atten. Tol. 





*Freq. 
(MHz) 





Atten. Change, (Typ.) 
over Freq. Range 









DC-1500 MHz 





VSWR (Max.) 


1000-1500 MHz 
Lo 








*DC-1000 MHz (all 75 ohm or 30 dB models) |=DC-500 MHz (all 40 dB models) 


MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 

@ denotes 75 ohms; add —75 to model no. 


@ denotes 50 ohms 
ATTEN SAT (SMA) CAT (BNC) NAT (N) 
1 @ @ @ 
2 @ @ & 
3 2 On e@ 
4 @ @ @ 
5 @ @ @ 
6 ®@ On * 
7 6 & ® 
8 e c @ 
9 e e e 
10 2 On ® 
12 2 6 @ 
15 ® Ou @ 
20 e@ ae ® 
30 € ¢ e 
40 & ® a 


PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95 
TAT (TNC)..$12.95, NAT (N)..$15.95 


TAT (TNC) 


10 to 200 
from 51999... 1211 (500 qty.) 


Now, for your wideband systems design, under —$20.00 
SPST and SPDT pin diode switches that operate over the 


10 to 2500 MHz range with less than 1 dB (typ.) 
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz. 


No waiting, immediate delivery... with one year guarantee. 


Call or write for our catalog or see our catalog in the 


Gold Book, EBG, EEM or Microwaves Product Data Directory. 


SPECIFICATIONS for 
PSW 1111 (SPST) and PSW 1211 (SPDT) 





ZMSW 1111 and ZMSW 1211 
FREQUENCY RANGE 10-2500 MHz 
INSERTION LOSS 
10-2000 MHz 1.7 dB max. 
2000-2500 MHz 2.7 dB max. 
ISOLATION 
10-500 MHz 40 dB min. 
500-1000 MHz 30 dB min. 
1000-2000 MHz 25 dB min. 
2000-2500 MHz 20 dB min. 
SWR 1.5 max. (“on” state) 
SWITCHING SPEED 1 psec. (max.) 
MAXIMUM RF INPUT +20 dBm 
CONTROL +5 V (5 mA max.) 
OPERATING TEMPERATURE —54°C to +100°C 
STORAGE TEMPERATURE —54°C to +100°C 
A Division of Scientific C nts Corporation 
PRICE (6-24) (1-4) World's largest manufacturer of Double Balanced Mixers 
PSW 1111 $29.95 ZMSW 1111 $59.95 P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
PSW 1211 $29.95 ZMSW 1211 $59.95 Domestic and International Telex 125460 International Telex 620156 
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The latest word in modular 
plugs and jacks. 

And the same solid story 
of savings. 


AMP modular plugs in 
strip form for 
termination with 
high-speed application 


tooling. 
AMP is a trademark of AMP Incorporated. g 






The popularity and wide 
acceptance of modular plug design 
make it especially appealing for 
I/O. Now, get the low applied cost 
and tooling support you need to make 
the most of it. 

Our pre-loaded plugs mass 
terminate (with double strain 
relief) round or flat-oval wire, 
tinsel or stranded conductors. Top- 
and side-entry jacks simplify pcb 


design. And our selective gold 
contacts offer long life while 
trimming costs. 

Our production hand tool is 
simply the best of its kind anywhere. 
We also offer a low-cost field/prototype 
tool, as well as benchtop or high- 


speed application machinery for the 
production rate you want, and the 


benefits you need. 

Low cost and high productivity. 
From AMP. 

Call (717) 780-4400 for 
more information. Ask for the 
AMP Modular Interconnection 
Desk. AMP Incorporated, 
Harrisburg, PA 17105-3608. 


AAINIF interconnecting ideas 


- \ 
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AMP modular jacks are 
U.L. listed. In top- 
entry and flanged or 
flangeless side- 

entry versions. 


Our modular plug 
production hand tool 
cuts cable, strips 
cable jacket and mass 
terminates 

loose piece plugs. 





ARX 18553 Miniature 
Transceiver 


The world’s smallest 
transceiver for use in 
MIL-STD- 1553Aand B 


data transmission sys- 
tems. It includes all the 


features characteristic 
of other Aeroflex trans- 
ceivers in a hermetically 
sealed 18 pin double 
DIP case. 


ARX 2432 Remote 
Terminal Unit 


A complete dual re- 
dundant MIL-STD-1553B 
remote terminal (RTU) 
ina 2.1 by 1.9 in. hybrid 
package. It includes 
dual transceivers, wrap 
around test capability, 
handles all mode codes 
plus broadcast and 
interfaces to subsystem 
via bidirectional 32 word 
FIFO memory. 


ARX 1555LP Bit 
Processor 


Low power version of 
ARX 1555 Bit Processor 
Provides improved 
response times, higher 
reliability and lower 
power consumption 
without reduction in 
digital load driving 
Capability. Features 
encoder, decoder, wrap 
around self-test capa- 
bility, fail safe time out 
and address recognition. 


ARX 3232 Multi-Bus 
Transceiver 


Suitable for use in 
McDonnell Douglas 
(MACAIR) data trans- 
missions systems as well 
as MIL-STD-1553A and 
B. Enhancements include 
active filter in driver 
for sinusoid waveform, 
high efficiency low 
power consumption 
voltage output driver, 
vey low dynamic offset 
and low differential 
phase delay. 


ARX 8553 Transceiver 


Our worldwide best 
seller is suitable for 
MIL-STD-1553A and B 
data transmission sys- 
tems. Receiver has multi- 
pole low pass filter to 
enhance S/N ratio and 
tight threshold control 
to meet noise test 
requirements. The high 
efficiency driver con- 
sumes less power. 





ARX 28553 Dual 
Redundant Transceiver 


Two completely isolated 
transceivers in one. Low 
power consumption, 
improved filtering and 
short circuit protection. 
For MIL-STD-1553A & 
B applications requiring 
dual redundancy in 
small space. 


Aeroflex’s Data Bus Signal Processing Hybrids. 


South Service Road 
Plainview, NY 11803 


Tel: (516) 694-6700 
TWX: 510-224-6417 


Laboratories Inc. 
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ouston Instrument’s new E 
size DMP-56 delivers the 

precision, throughput, and reliability 
you require from a drafting-intensive 
plotter. The DMP-56 also gives you 
the flexibility to handle 18 different 
drawing format sizes ranging from 
8'4 x 11 inches to 36 x 48 inches. 

The DMP-56 was designed for any 
application calling for crisp, clean 
graphics— whether it’s architectural 
floorplans, mechanical designs, 
electrical schematics, or overhead 
transparencies. Because of its media- 
size adjustment mechanism and 
automatic media-size sensing feature, 
the DMP-56 quickly and efficiently 
responds to your changing format 
requirements. This high-performance 
plotter can produce standard (A 
through E), metric (A4 through AO), 
oversize (A4 through AO), and 
Architectural C, D, and E drawings. 

The DMP-56 is a professional 
drafting plotter that draws on the 


established track record of Houston 
Instrument’s very successful 
DMP-51/52 and DMP-51/52 MP 
plotters— plotters that redefined 
the standard for price, performance, 
and quality. 

Immediately compatible with 
hundreds of computer-aided design 
and graphics software packages 
through our powerful DM/PL™ 
command language, the DMP-56 
also gives you a precise resolution 
of .001 inch and a maximum plotting 
speed of 17 inches per second. And, 
because it uses a standard RS-232-C 
compatible interface, the DMP-56 can 
operate with virtually any computer on 
the market. 

The DMP-56 also delivers features 
you’d expect only from more exper 
sive* plotters—such as quiet servo 
drive, and an easy-to-use front-panel 
control. Combine these standard 
features with the well-known Houston 
Instrument reliability and support 
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and you have a superior plotter at a 
reasonable price. 

In terms of throughput, performance, 
price, and quality the DMP-56 is the 
professional graphics tool you need. For 
more information, call 1-800-531-5205 
(512-835-0900 if in Texas), or write 
Houston Instrument, 8500 Cameron 
Road, Austin, Texas 78753. In Europe, 
contact Houston Instrument, Belgium 
NV., Rochesterlaan 6, 8240 Gistel, 
Belgium. Tel.: 32-(0)59-277445. TIx.: 
846-81399. 


*U_.S. suggested retail price is $5,995. Pricing subject to 
change. 
DM/PL is a trademark of Houston Instrument. 


[HOMSeOin 
instrument 


A Division of AMETEK 
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Part-time inventing 

isn’t worth the hassle 

Dear Editor: 

Deborah Asbrand’s article, “Engi- 
neers who double as part-time in- 
ventors face full-time obstacles in 
the process” (EDN, October 3, 
1985, pg 265), has grabbed me by 
the collar and compelled me to write 
to you. I didn’t realize that there 
was a soul in our US government 
who cared about the interests of 
inventors/engineers or the contribu- 
tions they can make to the nation. 


different firm. Then, if I’m lucky, a 
number of good ideas may come to 
mind so I can list them as exclu- 
sions. If I were to have a good idea 
now, the risk I’d take in requesting 
a release from my present company 
would be too great, and I would be 
looked upon as disloyal and selfish, 
as someone not interested in putting 
every effort into promoting the 
company. 

Management skills, unlike invent- 
ing skills, may be openly traded. 
For instance, if I had the business 
skills of our president, I might sit on 











Over the past 12 years, I have 
developed five US and foreign pat- 
ents, all of which were assigned to 
the company I work for—as they 


outside boards of directors or, as 
another of our managers has done, I 
might start a restaurant. Noagree- | — 


should be, because they were devel- 
oped at company risk and expense. 
It was not until I developed a new 
device at home—a device unrelated 
to my company’s products—that I 
ran into the problems that Ms 
Asbrand described. The details of 
the battle that ensued are unimpor- 
tant; it suffices to say that I paid my 
attorney’s fees, obtained both a re- 
lease from my company to pursue 
the product and a nasty letter to my 
personnel file, sold the invention to 
a would-be competitor for a nice 
profit, and quit inventing. It’s just 
not worth the hassle. 

The irony of all this is that a year 
later I was promoted to engineering 
manager with this same company, 
which places such a premium on 
inventions. Am I now an inventor/ 
engineering manager? Preposter- 
ous! For stifling creativity, a man- 
ager’s office is second only to the 
steps of a gallows. 

In her article, Ms Asbrand ob- 
served that the preinvention assign- 
ment agreement encourages the in- 
ventor to closet ideas not related to 
his company’s business until he 
changes jobs. I think the corollary 
to her statement is that such an 
agreement weighs heavily in an in- 
ventor’s decision to change employ- 
ment. 

As for me, I won’t work on anoth- 
er invention at home unless I join a 


30 


ments exist to limit any activity : 


except inventing. 

My desire to create is insatiable, 
but I have found that it can be 
steered in directions that are safe 
from the grasp of preinvention 
agreements, at least for now. To 
satisfy my creative propensity, I’m 
working on a couple of novels. Move 
over, please, because this inventor 
wants to join your ranks. 

Name withheld upon request 
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Inventors are a crucial 
part of US productivity 


Dear Editor: 

I had a mixed reaction to Otto Bis- 
marck’s letter concerning employee 
inventions (EDN, January 23, pg 
30), for he is both correct and incor- 
rect. His fundamental premise— 
that patents are a tough route to 
prosperity—is correct. However, 
some of his conclusions and recom- 
mendations are incorrect. 

The most glaring error is a com- 
mon one: Mr Bismarck speaks re- 
peatedly of patents rather than in- 
ventions. Although one presupposes 
the other, patents and inventions 
are not the same. A patent repre- 
sents the highest status that an in- 
vention can attain. Nonetheless, the 
wheels of progress turn largely on 
the immeasurably greater quantity 
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SPRAGI | f Sprague has led the way in power interface since 1970. After originating its line of 
Power ICs (PICs), Sprague has increased emphasis on circuits for stepper, servo, and 
brushless d-c motors. Output drive capabilities have been extended to 
Cs L +4 A per channel and to sustaining voltages exceeding 60 V. Motor 
driver types include half-bridge, full-bridge, dual full- 


MOTOR MUS¢ ‘ I bridge, three-phase, translator/driver, and power driver 
@ sink or source arrays. All devices include diode transient 
protection. Many feature current limiting (PWM), thermal shutdown, over-voltage and/or short-circuit protection. Sprague 
Electric Company, a Penn Central unit, World Hdqatrs., Lexington, MA. For Brochure WR-202, 7 PY NET. 
write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, i> TNR c 
MA 02048-9102. For applications assistance, call Mark Heisig or Tom Truax at (617) 853-5000. tee ane wank OF RELIAWLITY 
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IBM-PC. 








performing sophisticated calculations, 





‘MathCAD 








A powerful computation and 
documentation tool for your 


With MathCAD you simply and inter- 
actively create, edit and display for- 
mulas on the screen the way you are 
used to writing them. Equations are 
instantly computed and the results dis- 
played on the screen as a single num- 
ber, a plot or a table. Text may be 
added to the screen and everything 
may be printed out as an integrated 
document. MathCAD has built-in 
hyperbolic and circular functions, per- 
forms all calculations with real and 
complex numbers, performs iterative 
calculations, handles all units, per- 
forms error checking and dimensional 
analysis and much more... 


The price of MathCAD-$189. 





If MathCAD is purchased before 
June 1, 1986 you will be entitled 
to a 30 day money back guarantee 
and free upgrades through 1986 if 
you return the registration card. 








In Massachusetts add 5% sales tax. 


Introductory Offer 


To order send check, p.o., call us 
with your MasterCard number or 
call us for the nearest dealer. 


1.800.MathCAD or 617.577.1017 


Math Sot 


St Wwe = * F 


One Kendall Square 
Cambridge, Massachusetts 02139 








plots, in a printable document, 
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of unpatented inventions that em- 
ployees create both on the job and at 
home. 

Mr Bismarck’s comments regard- 
ing the relative merits of large and 
small companies are especially egre- 
gious. The formation of new busi- 
nesses is crucial to American inno- 
vation and productivity, and 
tomorrow’s new businesses will 
spring from the ranks of today’s 
employed people. (Where did to- 
day’s large employers come from, 
anyway?) 

Employees who sign unfair prein- 
vention assignment agreements are 
unreasonably restricted from leav- 
ing their employers to create their 
own companies. The expected 
course of events is for an employee 
to have a really great idea, realize 
that his own employer cannot or will 
not put the idea to use, and leave in 
the hope of creating the next IBM. 
Patents are rarely involved, but in- 
ventions are. If an employee has 
signed away all rights to everything 
he invents during employment, 
what can he do? Should he leave the 
company first, and then get an idea? 
Some employees do, but some com- 
panies claim rights even to things 
created after the period of employ- 
ment. 

Almost universally, companies 
show employees the agreement 
forms after the employees have 
started their jobs, so they have no 
chance to refuse to sign or to look 
for jobs elsewhere. My advice is to 
get a copy of a company’s agree- 
ment form before you accept any job 
offer. Most companies will show you 
the forms if you ask. Stay far away 
from any company that’s reluctant. 

The disdain Mr Bismarck shows 
for start-up companies is misplaced. 
Small businesses are far more effi- 
cient, innovative, and productive 
than large businesses. Over the past 
decade, small businesses have 
provided the majority of new jobs, 
while, over the same period, large 
corporations have registered a 
slight decline in employment. New 


businesses are far more productive 
in terms of patents issued per em- 
ployee, and they also lead in other 
indices of innovation. On the other 
hand, large businesses benefit from 
economies of scale and from their 
ability to handle large, complex 
projects. 

I applaud Mr Bismarck’s call for 
companies to share royalties (on the 
basis of inventions rather than pat- 
ents, of course) with the inventors 
they employ. His proposal that 
rights to unused patents should re- 
vert to the inventor is likewise laud- 
able; engineers should try negotiat- 
ing for this at job interviews. 

However, I dispute his claim that 
an engineer’s professional status 
and salary can adequately reflect 
“patents signed away.” That’s nice 
if you run in the middle of the pack, 
but pathetic if you’ve been deliver- 
ing multimillion-dollar designs. Em- 
ployees who invent such products 
usually leave to found their own 
companies. 

Corporations drive out their best 
and brightest employees because 
they fail to extend to employees the 
free-market principles they espouse 
for each other. The ability of em- 
ployees to leave a company and still 
retain reasonable rights to their in- 
ventions represents the ultimate 
triumph of those principles. It re- 
minds me of an observation some- 
body once made about the futility of 
putting new wine in old bottles. 
Sincerely yours, 

Orin Laney 
Chairman, IEEE Intellectual 

Property Committee 

Yorba Linda, CA 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, New- 
ton, MA 02158. We welcome all com- 
ments, pro or con. All letters must be 
signed, but we will withhold your name 
upon request. We reserve the right to 
edit letters for space and clarity. 
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In DSP and 
high performance 


arithmetic circuits, 





_ Logic Devices 
is broadening the 
CMOS spectrum. 
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LSH32 32-bit barrel shifter 35 ns prop. delay Poe 
L10C23 64-bit digital correlator 35 MHz data rate 
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No matter where your product falls in the high- 
performance end of the design spectrum, Logic Devices has 
you covered. For digital signal processing, graphics, image 
processing, real-time and high-speed computing, our family 
of high performance CMOS building blocks works together 
smoothly. Its clean architectures give you the kind of elegant 


' solutions you need. Especially where throughput, physical 


size and cost are the critical issues. 

For openers, start with our full line of multipliers and 
multiplier-accumulators, in a range of precisions and archi- 
tectures. Then add 16-bit ALUs and bit-slice processors, and 
special-function devices like barrel shifters and correlators. 
Plus there are FIR filter building blocks and several pipeline 
registers to choose from. Even multi-port scratch pad regis- 
ter files with up to five independent ports. All using fast, 
low-power CMOS technology—with fully TTL-compatible 
I/O, of course. | 

So if you’re looking for higher-performance plug 
compatibles for your bipolar multipliers, MACs and DSP | 
components, check with Logic Devices first. We've got 
advanced architectures and price/performance advantages 
that can give your designs a decided competitive edge. 

For full details, call us today toll free at (800) 851-0767; 
in California, (800) 233-2518. Or write: 628 East Evelyn 
Avenue, Sunnyvale, CA 94086; Telex 172387. 
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TEK caweras 





TEK HAS A CAMERA 
AND POLAROID’ FILM 
FOR ANY SCOPE. 


FIND YOURS! 






















TEK CAMERAS 


High Writ-| General 
Purpose | __ Low Cost _ 










TEK CAMERAS 


General 
Pu Low Cost 


Oscilloscope 
or Display 
Device 


Oscilloscope 
or Display 
Device 
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ARR C7 OPTON mentation demands. And now when 
c you order via our 800 number to 





0S250, 260 
OS1000A 
0$1400, 1403, 1420 
OS3000/A, 

3001/A, 33008, 





ship your Polaroid® film order within 
48 hours, too! 


O 
5400 Series Non- C-59A 4 OPTO2, 
storage: 5403/D40, C-5C, C-7, 
5440, 5444, D40 C-7 OPTO1 
5400 Series Storage: | C-51 C-53 C-4 OPT02, 
5403/D41, 5441, C-5C, C-7, 
D41 C-7 OPT01 




















Contact your Tek sales engineer. 3350, 3351 
5223 el C-4 OF T02 Or call the Tek National Marketing ete 
C-7 OPTO1 Center toll-free: 4030, 4035/136 









C-5C OPTO4 
4040/42/43/44 
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1 -800-42 6-2200 "Gould Instruments which do not have illuminated graticules 
uire C-5C with flash. 


(In Oregon, call 503-627-9000) and-are con-storage 
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3 cm x 10. cm Display C51. 
i.e.; 7104, 7503, C-31B 
R7103, 7504, 7514, 
7613N, 7623, 7633, 
7704(A), 7834, 7844, 
7854, R7903, 7904, 
7904A, T922R 


Large Screen Dis- 
play i.e.; 7403, 7603, 
7603N 
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C-4 OPT02 
C-5C, 
C-5C OPT01, 
C-7, C-7 OPT01 








| Requires C-5C or C-7 with flash. 
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465M, 466, 468, C-7 OPTO! a ih basi 
R468, 475, 475A, 124000 er *Requires C-5C with flash. 
432, 434, 442 _ a ee CSC OPTO3, i 
1 cm Nonilluminated - : excluding T922R, C-7 OP 104 
Graticule, 2213(A), C-5C OPT04 see 7000 Series C-30B C-4 
ee 2220, 2230, _ OPTO1 |C-5C OPTO2, 
2235(L), 2236 C-5C OPTO4 
1/4 inch Graticule i, C-30B |C-40PT03 1715A/22B/ C-4 
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8cmx 10 cmi.e.: C-59A 
601, 602, 605, 606, 
606B 607 C-7 OPTO1 
Large Screen 10 x 12 C-59A C-4 sips 
- 1.€.; 603, 604, C-5C, 
C-7 Oe. 
1 (87/54 
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564, 567, 568 
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OPTO1 














502, 503, 504, 515. CSC 
516, 519, 530 & 540 (Hand held), 
550/580 Series, 575 7 


(Hand held) 


LBO: 
S13A/514A 
514AP/516/ 
517/518) 
522/523/524/ 
524/525. 
5825/5860A 













“HP instruments without illuminated graticules which are non- 
storage require a C-5C or C-7 with flash. *"Note: C-50 Series - 
will not fit. “**Bezel is a little to0 wide for hood, i.e. a tight fit. 
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Order your camera 
alceyele] amare M ClUelate 
Marketing Center and 

for a limited time get 

free film worth up to $60! 
Film types available from 
Tek include: 612, 667, 669, 
691, 331 and 339. 
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Shown above: the Tek C-51 
camera on “swing away” 
bezel mount. The C-51 is just 
one of a complete line of CRT 
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few today. A few tomorrow 
Thousands today. Thousands tomorrow 

The choice is yours. Because our new OTP plastic 
EPLDs give you both the production volumes and produc- 
tion control so crucial to your business. 

Look how the whole process works. You design and 
develop your logic device with our EPLDs. Which means 
you can do in hours what used to take months. 

Then you mass-produce your design with our 
OTP parts. Saving countless weeks because you don't have 
to wait for custom parts. 

The result is the most cost-effective way to take 
a project from design through production. 

And a fool-proof way to eliminate inventory risk. 
You get only the quantities you need when you need them. 
Without having to commit to dedicated inventory. 

Or an inflexible delivery schedule. 

Plus, if you ever have a few of our blank OTP parts 
left on the shelf, you're not stuck. You can program them 
to become a new product. Or a successful older one. 

Or anything you like. Including the brainstorm that 
emerged after prototyping. It's like having a standard part 
you can customize at will. 

Now before you get the idea we're only selling 
quantity, let's talk quality. Our plastic logic devices are 
based on Intel's CHMOS EPROM manufacturing process. 
And credit where credits due, it's a process that has paid 
off with the most reliable OTP plastic parts in the industry. 

So be assured. You can get the quantity you want. 

In gate counts from 300 to 2000. With reliability included. 
It really is quite a story. Call today for all the details. 
Because we can produce volumes on the subject. 


Call (408) 984-2800 


JNO fe Ra 


3525 Monroe Street 
Santa Clara, CA 95051 





CHMOS is a patented process of Intel Corporation. 


Distributed in U.S. by Alliance, Pioneer, Quality Components, 
Schweber and Wyle. In Canada, distributed by Future. 


© 1986 Altera Corporation 
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PEACHES 
FOR THE PICKING! 


Rugged, economical DC Power Systems 
for digital and analog systems 





et } if 3 B) CA 
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ASK FOR OUR FREE centte 

© El orsv-ssow, svat 75a 

@ © ors-4oow, svat 50A, 12Vat SA, 12Vat SA, 24Vat SA 
@ i sv-isoow, svat 300A 

@ Gy #s-csow, svat 80a, 12vat 15A, 12Vat 3A, 24Vat 3A 
>) Ey Rs-1400W, svat 150A, 12Vat 20A, 24Vat 258 








°50°C. Power Ratings °Upto4000 Watts High Reliability 
°All Safety Approvals -*UptoSOutputs Thermal Protection 
eEnergy Efficient eMade in USA ¢Short Circuit Proof 
¢Compact Sizes Lightweight ¢Up to 400 Amps 


“POWERFUL PRODUCTS FOR OVER A DECADE" 


SWITCHING POWER INC 


O60] Veterans Highway, Ronkonkoma, New York 11779 : (516) 981-7231 
CIRCLE NO 32 






CALENDAR 


Alumni vs The State of the Art in 
the World of Substrates (seminar), 
DeKalb, IL. Northern Illinois Uni- 
versity, (815) 753-1000. April 8. 





Instrumentation ’86, Portland, OR. 
Instrument Society of America/ 
Portland Section, Box 12152, Port- 
land, OR 97212. (503) 297-1533. 
April 8 to 10. 


15th Annual International Pro- 
grammable Controllers Confer- 
ence and Exposition, Detroit, MI. 
Engineering Society of Detroit, 100 
Farnsworth Ave, Detroit, MI 
48202. (313) 832-5400. April 8 to 10. 


CommunicAsia ’86 (Asian Interna- 
tional Electronic Communication 
Show and Conference), World Trade 
Ctr, Singapore. Kallman Associ- 
ates, 5 Maple Ct, Ridgewood, NJ 
07450. (201) 652-7070. April 9 to 12. 


World Market for Electronics and 
Electrical Engineering ’86, Han- 
nover, West Germany. Hannover 
Fairs USA Inc, Box 7066, Prince- 
ton, NJ 08540. (609) 987-1202. April 
9 to 16. 


Intermag ’86 (International Mag- 
netics Conference), Phoenix, AZ. J 
U Lemke, 2400 6th Ave, #11038, San 
Diego, CA 92101. (619) 755-1393. 
April 14 to 17. 


Modern Power Conversion Design 
Techniques (short course), Ottawa, 
Ontario, Canada. E/J Bloom Associ- 
ates, 115 Duran Dr, San Rafael, CA 
94903. (415) 492-8443. April 14 
to 18. 


PL/M-86 Systems Programming 
(short course), Madison, WI. Micro- 
Managers Inc, 1485 E Main St, 
Madison, WI 53708. (608) 251-6661. 
April 14 to 18. 


Computer Graphics ’86, New York, 
NY. Andry Montgomery & Associ- 
ates, 8300 Greensboro Dr, Suite 
690, McLean, VA 22102. (703) 893- 
4545. April 15 to 17. 
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World’s largest 
local distributor 
with 52 locations 
stocking the finest 
lines of electronic 
components and 
computer products 


ALABAMA 
Huntsville (205) 837-7210 
ARIZONA 
Phoenix (602) 231-5100 
CALIFORNIA 
Los Angeles (213) 217-6700 
San Fernando Val. (818) 700-6565 
San Gabriel Val. (714) 989-4602 


Avnet, O.C. (714) 754-6111 
Hamilton, O.C. (714) 641-4100 
Sacramento (916) 925-2216 
San Diego (619) 571-7510 
San Francisco (408) 743-3355 
COLORADO 
Denver (303) 779-9998 
CONNECTICUT 
Danbury (203) 797-2800 
FLORIDA 
St. Petersburg (813) 576-3930 
Miami (305) 971-2900 
Orlando (305) 628-3888 
Melbourne (305) 725-2700 
GEORGIA 
Atlanta (404) 447-7507 
ILLINOIS 
Champaign/ 

Urbana (800) 325-8654 
Chicago (312) 860-7700 
INDIANA 
Indianapolis (317) 844-9333 
IOWA 
Cedar Rapids (319) 362-4757 
KANSAS 
Kansas City (913) 888-8900 
Wichita (800) 532-6720 
KENTUCKY 
Louisville (800) 428-6012 
Lexington (606) 259-1475 
MARYLAND 
Baltimore (301) 995-3500 
MASSACHUSETTS 
Boston (617) 531-7430 
MICHIGAN 
Detroit (313) 522-4700 
Grand Rapids (616) 243-8805 
MINNESOTA 
Minneapolis (612) 932-0600 
MISSOURI 
St. Louis (314) 344-1200 
NEBRASKA 


Lincoln/Omaha (800) 255-6702 
NEW HAMPSHIRE 


Manchester (603) 624-9400 
NEW JERSEY 
Fairfield (201) 575-3390 
Cherry Hill (609) 424-0100 
NEW MEXICO 
Albuquerque (505) 765-1500 
NEW YORK 
Long Island (516) 231-9800 
Syracuse (315) 437-2641 
Rochester (716) 475-9130 
NORTH CAROLINA 
Raleigh (919) 878-0810 
OHIO 
Cleveland (216) 831-3500 
Columbus (614) 882-7004 
Dayton (513) 439-6700 
OREGON 
Portland (503) 635-8831 
PENNSYLVANIA 
Philadelphia (215) 831-1300 
Pittsburgh (412) 281-4150 
Pennsylvania (800) 258-3848 
SOUTH CAROLINA 
Columbia (800) 334-1597 
TEXAS 
Dallas (214) 659-4111 
Houston (713) 240-7733 
Austin (512) 837-8911 
UTAH 
Salt Lake City (801) 972-2800 
WASHINGTON 
Seattle (206) 643-3950 
WEST VIRGINIA 
Charleston (800) 367-5733 
Wheeling (800) 258-3849 
WISCONSIN 
Milwaukee (414) 784-4510 
INTERNATIONAL EXPORT 
Los Angeles (213) 327-3693 
New York (516) 997-6868 
Telex 66-4329 
CANADA 
Toronto (416) 677-7432 
Montreal (514) 335-1000 
Ottawa (613) 226-1700 
Calgary (403) 250-9380 
Vancouver (604) 437-6667 





VICE CENTER 


SERVICE 
(800) 826-0500 


VME SYSTEM DESIGN 





It’s This Easy With New Signetics Kit 





VMEbus COMPONENT KIT, JUST $99.93! 


Ol enclose a check for $99.99 for the 
Signetics VMEbus Component Kit. 

C Please send more information about the 
Signetics VMEbus Component Kit. 




































EDN4386 
NAME 
a 
\ 1 TITLE MSTOP 
ae | COMPANY 
I ADDRESS 
i CITY STATE 
i PHONE ZIP 
: H/A LOCATION NEAREST YOU 
] YOUR COMPANY’S END PRODUCT 
{ ESTIMATED VOLUME/YEAR 
| Mail to: Jim Malinowski, Hamilton/Avnet, 
i 10950 Washington Blvd., Culver City, CA 90230 
LIMITED TIME OFFER. AVAILABLE ON FIRST COME, Fin'ST SERVED BASIS. 
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ere 8085 MICROPROCESSOR 


AND PERIPHERAL CHIPS 


CA80C85 _—8-bit 8085 Compatible Microprocessor 
CA82C12 __‘8-bit 1/0 Port 
CA82C54 ~—- Programmable Interval Timer 
CA82C59 = Programmable Interrupt Controller 
CA01C50 = Clock/Calendar 
For complete information on — package options 
— speed options 
— extended temperature and MIL spec product 
Call Nick Keeble at (613) 836-1014 or in the USA 1-800-267-7231 


CALMOS. 


Calmos Semiconductor 
20 Edgewater St., Kanata, Ont., K2L 1V8 Tlx: 053-4501 
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Wheres the control if the relays stick? 
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CALENDAR 


ElectroTest, Orlando, FL. Cahners 
Exposition Group, Box 5060, Des 
Plaines, IL 60017. (812) 299-9311. 
April 15 to 17. 








Seminar on Modern Electronic 
Packaging, Anaheim, CA. Technol- 
ogy Seminars Inc, Box 487, 
Lutherville, MD 21093. (801) 269- 
4102. April 15 to 17. 


Grounding and Shielding (short 
course), Atlanta, GA. Interference 
Control Technologies, State Rte 
625, Box D, Gainesville, VA 22065. 
(703) 847-0030. April 15 to 18. 


Midwest Electronics Exposition, 
St Paul, MN. Morgan-Grampian 
Expositions Group, 1050 Common- 
wealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232- 
3976. April 16 to 17. 


RF and Microwave Component 
and Test Equipment Exhibit, Fort 
Wayne, IN. RF Management Inc, 
Box 336, Beech Grove, IN 46107. 
(317) 887-1349. April 16 to 17. 


National Relay Conference, 
Stillwater, OK. Dan Lingelbach, 
School of Electrical and Computer 
Engineering, Oklahoma State Uni- 
versity, Stillwater, OK 74078. (405) 
624-5168. April 21 to 23. 


Financial Information Systems— 
Integrating Personal Computers, 
Chicago, IL. National Institute for 
Management Research, Box 3727, 
Santa Monica, CA 90408. (218) 450- 
0500. April 21 to 23. 


iIRMX 86 for Users (short course), 
Madison, WI. Micro-Managers Inc, 
1435 E Main St, Madison, WI 53708. 
(608) 251-6661. April 21 to 25. 


EMC Design & Measurement for - 
Control of EMI (short course), 
Philadelphia, PA. Interference Con- 
trol Technologies Inc, State Rte 
625, Box D, Gainesville, VA 22065. 
(703) 347-0080. April 21 to 25. 
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w YOU HOW: 


We're issuing you this 
challenge: translate your PLD 
into silicon in just three hours. 
Sound like another impossible 
deadline? Not at all, with the 
new Data I/O Personal Silicon 
Foundry” available through ou 
location near you. 

Included in the Personal 
Silicon Foundry are: the host 
(IBM PC XT or AT™*), logic 
language (industry standard 
ABEL”), schematic design 
software (DASHT), and Data 
\/O logic programmer with 
PROMlink* control software. 
You may also opt for test 
vector generation and fault 
coverage software. (PLDtest*” 
You choose where to start— 
schematics, truth tables, state 
diagrams, Boolean equations, 
or any combination. 

As for the PLDs you'll need 
—that’s your choice, too. A 
_wide selection is available to 
you through our local stockinc 

facility. For high volume pro- 
cessing, use our convenient 
PLD Programming Centers. It 
all together for you at Hamilto 
_Avnet—call our Computer 
Product Specialists today! 
__ "Trademark of Data /O 
__ *IBMis a registered trademark of, and F 
| AT and XT are trademarks of, 
| International Business Machines Corp. 
__ t Trademark of FutureNet 


mitment to stock and serv. 
_your local market! 





THIS IS HOW BIG 
NCR HAS GROWN 
IN ASIC. 











Daisy is a registered trademark of Daisy Systems, Ing. Mentor Gra 
SENTPEX are registered trademarks of NCR Corporation. 


phics is a registered trademark of Mentor Graphics Corporation. Valid is a registered trademark of Valid Logic Systems, Inc. VITA and 
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THIS IS HOW SMALL. 


Typical size 


2 wm die. 


What’s the best measure of an ASIC supplier? 

NCR thinks you have to look at it from both sides. 
Just how big is your supplier. And how small. 

NCR’s library speaks volumes. 

Cell libraries are where bigger usually means better. 
NCR’s comprehensive library of 3 um CMOS cells 
has made it the leading merchant producer of standard 
cells today. 

And our 2 wm double-level-metal cell library has 
almost twice as many cells. 

Both libraries are rich in capabilities. NCR's analog 
cell library is unmatched in the industry. And there is a 
versatile selection of core microprocessors, configurable 
EEPROM, RAM and ROM memories, plus cells for 
on-chip programmable logic arrays. 

The small advantage. 

NCR's 2 1m N-well double-level-metal technology 
offers designers the sizeable advantage of smaller geome- 
tries. Generally, 2 »m DLM CMOS increases perfor- 
mance two-fold—with unrestricted clock rates up to 
30mHz and restricted clock rates to 50mHz. All that 
with a 50 percent reduction in die size over 3 wm designs. 


The migratory pattern of engineerus electronicus. 

History has proven that design engineers move as 
quickly as the market demands and technology allows. 
That’s why NCR has provided a migratory path from 
3 um SLM to 24m DLM without time consuming or 
costly redesigning. 

The Alliance: One more big reason. 

NCR’s recent alliance with Motorola has created a 
huge capability for today’s engineers. NCR now offers a 
complete line of 3 zm and 2 wm gate arrays as well as Its 
industry leading line of standard cells. And both librar- 
ies are integrated on industry-standard workstations such 
as Daisy® Mentor Graphics® and Valid® So in addition 
to the 3 ym to 2 um migration, NCR offers migration 
from gate arrays to standard cells. 

Your decision. 

In the final analysis, it’s not really who's big and 
who’s little, but who's best. Isn’t it interesting that that’s 
NCR too. 

For more information, call 303-226-9500 for the name 
of your nearest NCR sales representative, or call any of 
the design centers listed on the left. 


QUALITY, SERVICE AND SUPPORT. YOU CAN EXPECT IT FROM NCR. 





NCR Microelectronics Division 


© 1986 NCR Corporation 
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Of course Ziatech gives you the highest per | And you even get Ziatech’s engineering staff on- 
formance in STD Bus hardware: STD-8088. call to help you with implementation. What's 
But we further extend the power of the compact — more, every Ziatech board is backed by a com- 
STD Bus by offering the most complete support _ prehensive two-year warranty. 

in the industry. Sophisticated development 

software. Explicit documentation. Detailed  Forafree sample of Ziatech support just send in 
application notes. the coupon. 






ee a se 


Free System Designer’s Guide _— 


I want to find out how the Ziatech Series 8800 can be my high power, low cost 
system design solution. Please send me my free STD-8088 Designer’s Guide 
and Application Note immediately. 


NAME 

TITLE ___________ PHONE 
APPLICATION 

COMPANY 

ADDRESS 

©: 5 anne eee na YY) pn A § 
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STD DOS, STD polyFORTH, STD VRTX, and STD 
PDS are trademarks of Ziatech Corporation. Poly- 
FORTH is a registered trademark of FORTH, Inc.: 
VRIX is a registered trademark of Hunter and Ready 
See us at Mini-Micro NE, Booths 2525, 2527, May 13-15 
3433 Roberto Court 


= | | | ZIAD GCM €  santuis obispo, california 93401 USA 


CORPORATION 805/541-0488 ITT Telex 4992316 
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EDITORIAL 


Don’t legislate radio security 
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Many people who use cellular phones, cordless phones, and other 
2-way radio communications don’t realize their conversations are 
not private. Such conversations are easy to monitor with a short- 
wave receiver or scanner. In fact, the Communication Act of 1934 
affirms your right to receive any or all radio transmissions. To help 
ensure private communications, several legislators think govern- 
ment should protect certain 2-way radio transmissions from inter- 
ception and use. 

Instead of urging Congress to pass another set of feckless laws, 
the communication industry should use available technology to 
solve its communication-security problem. For example, by using a 
simple technique such as frequency inversion, many police and fire 
departments can adequately scramble their communications. And 
although an eavesdropper may soon be able to obtain a descrambler, 
it’s not difficult to use new technology to keep secure communica- 
tions a step ahead. 

Consider also HBO’s approach. Instead of asking for laws that 
would ban satellite-TV receivers, HBO recently started encoding 
its TV broadcasts so they’re difficult if not impossible for satellite- 
dish owners to use. To continue watching HBO’s movies you must 
buy their special decoder. HBO has the right to scramble its 
signals, but you still have the right to receive them. By applying 
today’s pPs, digital-signal-processing chips, data-encryption stan- 
dard chips, and other encoding devices, the telecommunications 
industry can offer its customers almost absolute security. 

Unfortunately, many segments of the telecommunications indus- 
try support the Electronic Communications Privacy Bill of 1985 (S 
1667 and HR 3878), which is now before Congress. By making it 
illegal to intercept transmissions that aren't “readily accessible to 
the public,” the bill attempts to put cellular-phone, paging, video- 
conference, and other transmissions off limits to casual listeners. 

However, the bill will be almost impossible to enforce because it 
doesn’t outlaw radio receivers or limit a receiver’s coverage. It’s 
difficult to imagine the Federal Communications Commission track- 
ing down people who eavesdrop on 2-way radio transmissions. In 
short, the Privacy Bill is buck passing. Because current technology 
has many sophisticated data-security solutions already on the shelf, 
it’s disappointing to see so many people in the telecommunications 
industry embrace an unenforceable government solution. 


1. 


Jon Titus 
Senior Editor 
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to-reel tape systems. Our 7730 is desig- 


Data. IMAGE, VOICE ned for voice mail applications and 


features ADPCM algorithms (16-32 KBPS), 


_ The shift from analog to digital Image Processing Break Through 
signal processing (DSP) is one of the NEC’s 7281 is a real breakthrough 
most powerful technology trends of the i, image processing. Using MIMD (multi- 
80's. And NEC is leading the way. With a ple instruction, multiple data streams) 
full spectrum of DSP solutions for voice, and a trile data-flow architecture. the 
image, and data applications. Solutions 7281 roars through image processing 
that give you flexibility, progr ammability, tasks at an incredible 5 MIPS per device. 
stability against temperature variations, = -Toamed with its MAGIC Interface chip, 
and immunity to noise. NEC’s Image Pipelined Processor can 

Low Cost Digital Signal Processor __ give you size/cost savings of 100 to 1. 
Get more out of your modem with The Next Generation 
NEC’s 7720A. The industry standard data 
transmission device, now in a new low- 
power version. It’s also great for touch- 
tone decoding, echo cancellation and 


While meeting your current needs 
with the full spectrum of DSP solutions, 
NEC is opening new technological 
horizons. In 1986, we’ll make a 


instrumentation. major announcement that will take 
High Quality Digitized Speech digital signal processing into the next 
If you think digitized speech sounds generation. 
like cartoon robots, you haven’t heard Call Toll Free Today 
NEC's 7796 speech synthesis chip. It For data on our DSP solutions, give us a 
produces voice quality that rivals reel- call today at 1-800-632-3531. In 
©Copyright 1985 by NEC Electronics Inc. California: 1-800-632-3532. 


NEC’s Full Spectrum of DSP Solutions 


7720A General Purpose DSP Data modems, DTMF, New low-power version 
instrumentation 
7730 Speech Encoder/ Voice store and forward; 16-32 KBPS 
Decoder voice mail 
7756 Speech Synthesizer Voice Response High-quality voice 
reproduction 
7281 Image Pipelined Image processing and True parallel processing, 
Processor general-purpose DSP non-von Neumann 
architecture 


9305 Memory Access and Interface device for 7281 Contains all basic 
General Bus-Interface circuits required to 
Chip (MAGIC) implement 7281 system 





WERE TAKING ON THE FUTURE 





401 Ellis Street 
P.O. Box 7241 
Mountain View, CA 94039 
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HOW TO KEEP YOUR 

SOFTWARE 
FROM DANCING 
IN THE DARK. 


____Code Map Table Display _ 
_Medule Procedure Li 
Output nod Write screen #23-H42 
Output_mod Write_screen 49-888 
| Gutput_nod Write screen 895-8111 
| 16304-10482 Output_mod Concat_string 41-845 
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| 110F4~-11111 Input _mod Get_Char #1-812 
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The dark side. 

When you finally execute 
your code on a target micro- 
computer system, you're often 
left completely in the dark. 

Which procedure is calling 
which? Which modules are 
consuming the most CPU time? 
Is the stack overflowing? Are 
interrupts serviced fast enough? 
Is all the code being tested? 


The bright side. 

A new class of measurement 
tool, the SoftAnalyst from 
Northwest Instrument Systems, 
gives you the first complete 
solution to real-time analysis 
of high-level programs. It's a 
non-intrusive, non-statistical 
system that works with high 
level languages (e.g. C, Pascal, 
PL/M and FORTRAN) and 
assembly. 


High-level trace of 
program and data flow. 

The SoftAnalyst’s Sym- 
Trace™ gives you real-time 
trace capability at the module 
and procedure level, where it’s 
easiest to spot bugs. 

See your program as it 
executes. Discover the actual 
sequence of procedure calls. 
Find out how much time is 
taken to execute a series of 
procedures. Watch variable 
values change. 

SymTrace shows you all this 
and more. 


Circle 1 for Literature 


INTRODUCING THE 
SOFTANALYST 
NORTHWEST INSTRUMENT 
SYSTEMS. 


Performance analysis 
pinpoints execution bottle- 
necks. 

Performance analysis shows 
you where you'll get the best 
results for your optimization 
efforts. 

Track down modules and 
procedures that are heavy 
CPU users. Determine if a 
procedure’s execution time is 
due to its code, or to the code 
of its sub-procedures. See the 
frequency of interrupts. 

And that's just the start. 
With the SoftAnalyst you can 
zero in on the behavior of a 
specific procedure to get a 
distribution of its execution 
times or to see which routine 
calls it most frequently. 


Now, test your program’s 
tests. 

For the first time, you can 
know how thoroughly your test 
cases have covered your 
program. Use CodeMap™ to 
determine if your program has 
read or written to all array 
elements. You can even use 
CodeMap to see how deep 
your stack goes. 


~ FROM 








Choose your own 
software development 
environment. 

The SoftAnalyst is 
compatible with a wide 
spectrum of languages and 
development environments. It 
supports multiple micro- 
processors. So you can use it 
now and in the future, as your 
design environment changes. 


Make sure your software 
sees the light. Call us 
today. 

For technical literature, 
applications assistance, or a 
demo on what the SoftAnalyst 
can do for you, contact us! 





NORTHWEST INSTRUMENT SYSTEMS, EUROPE 
Am Eichenhag 12 

8160 Miesbach 

West Germany 

Phone (49) 8025-3260 

Telex 526938 
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E.F. JOHNSON 
COMPONENTS 
DIVISION 


Where 
ideas 
become 
solutions. 
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When you need a component 
designed for your product, 

call on Johnson to meet the 
challenge with innovative 
solutions and the manufacturing 
expertise to implement them. 

Take advantage of the 
design, engineering and 
production talents that created 
Stripline, the only semi-auto- 
matic wire termination system 
for high speed, high volume 
production of electronic circuit 
hardware. Utilizing premium 
brass hardware fabricated on 
continuous feed reels, each 
crimp-on Stripline termination ifs ~ 
provides a gas tight, vibration ig” é — > 
and shock resistant connection >) :, as 
with integral strain relief for 
high reliability and long life. 

Or work with the team 
that designed the first new air 
variable capacitor technology in 
20 years, including the only 
Capacitor to use the substrate 
as the capacitor stator, for a 
precision tuning device ideal for 
ceramic and miniature circuits. 

Or utilize the expertise that 
pioneered commercial versions 
of miniature coaxial connectors 
that virtually match MiL-spec 
performance, but cost up to 
one-half less. 

With Johnson, you have on 
call an integrated manufacturer 
that can provide the full range 
of OEM services. From com- 
ponent design and development 
to tooling, machining, plating, 
injection and insert molding and : . . — 
assembly, Johnson has the P m= 
expertise to provide the ‘ 3 : 
solutions you need. 






|| MATES WITH @ 2166 (4.22) 









The Stripline process, 
terminating 2,000 and 


4 a dada 3 7 ~, more pieces per hour, 
%/JOHNSON | a ees Pe 


® Components Division molded products, such 
E. F. JOHNSON COMPANY, WASECA, MINN. 56093 as this test instrument 
Telephone 1-507-835-6307 Telex 290470 TWX 910-565-2161 patch cord. 
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Increasing popularity of MAP spurs market 
for compatible chips, boards, and boxes 


Steven H Leibson, 
Southwestern Editor 


The drive towards computer-inte- 
grated manufacturing and factory 
automation by corporate giants like 
General Motors and Ford is forcing 
industrial LAN technology to stan- 
dardize in the direction of the manu- 


facturing automation protocol . 


(MAP). Factory planners are at- 
tracted to the MAP’s promise of 
plant-wide sharing of information 
among all sectors of an organization, 
from work cells to order-processing, 
inventory-management, and engi- 
neering departments, on up to the 
executive suite. MAP compatibility 
ensures that devices from various 
manufacturers will be able to com- 
municate over a common network, 
overcoming the problem of coordi- 
nating small, scattered groups of 
incompatible equipment, which GM 
calls “islands of automation.” 

The MAP standardization effort 
has gained so much momentum that 
vendors of computers, robots, and 
programmable controllers may soon 
be required, by virtue of the de- 
mand, to incorporate MAP compati- 
bility in their equipment. Sensing a 
large potential market, several ven- 
dors have recently introduced prod- 
ucts that make it easier than ever 
for you to design MAP compatibility 
into your system at the box, board, 
or chip level. 


Layered communications 


General Motors created the MAP, 
which is based on the International 
Standards Organization’s 7-layer 
Open Systems Interconnection 
(OSI) model for network communi- 
cations. Several layers are based on 
existing IEEE, EIA, ANSI, or 
CCITT standards (Table 1). Where 
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such standards do not yet exist, 
efforts are underway to establish 
them. 

The MAP 2.1 specification defines 
layer 1, called the physical layer, as 
a 10M-bps, broadband-RF' connec- 
tion conforming to the IEEE 802.4 
specification (MAP 2.0 specified a 
5M-bps connection). The network 
backbone is constructed with stan- 
dard CATV components: semirigid, 
75Q, %-in. coaxial cable; active RF 
amplifiers; and 2-, 4-, or 8-port pas- 
sive taps. As much as 150 ft of RG-6 
coaxial drop cable connects a device 
(an end system, in MAP terminolo- 
gy) to a tap. 

Communication within a MAP 
network is unidirectional. A trans- 
mission from an end system must 
pass up the cable through the direc- 
tional tap to a head-end remodula- 
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tor, which decodes the data packets 
and retransmits the information 
down the cable at a different fre- 
quency to all of the end systems 
(Fig 1 pg 54). The end system 
addressed picks the message up, 
while the others discard it. MAP 2.1 
defines three transmit/receive RF 
pairs, allowing three independent 
MAP networks to coexist on a single 
physical link. The transmit frequen- 
cy band is 59.75 to 95.75 MHz; the 
receive frequency band, 252 to 288 
MHz. If you carefully allocate fre- 
quencies, the same coaxial backbone 
can carry video and audio informa- 
tion as well as non-MAP data. 
Media-access-control (MAC) and 
logical-link-control (LLC) sublayers 
constitute layer 2, the data-link 
layer. MAP 2.1’s MAC sublayer is 
the token-passing-bus portion of the 
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Board-level MAP in- 
terfaces are avail- 
able for a variety of 
standard pP buses. 
Industrial Net- 
working’s MM-400 

| (top) and MV-400 
(bottom) provide in- 
terfaces for the Mul- 
tibus and the VME 
Bus, respectively. 
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SO FAR, ENGINEERS HAVE COME TO DIALIGHT WITH 
(000,000 DIFFERENT IDEAS OF WHAT A SWITCH IS. 


mounting styles and colors. 
Should you need to mount 
one ona circuit board, our 
sealed switches can save 
production steps. You just 
insert them along with other 
components and automatically 
wave solder and clean the 
finished board. That can save 
a lot in manufacturing costs. 
Which brings us to our final 
point. Dialight switches can 
save you money. We can supply 
you with exact equivalents for 
C&K switches, for example. At 
a fraction of the cost. And we 
can send you a sample within 


48 hours. 


For an engineer, choosing 
a switch is a very personal 
decision. Just like choosing a tie. 

That's why so many of you 
have come to Dialight. With 
over 1,000,000 switch designs 
to choose from, we have a style 
to suit every engineer. 

Of course, engineers 
design in Dialight for more than 
our variety. They also trust our 
reliability. They know we 
manufacture all our switches 
right here in the U.S.A. And we 
test every single one before 
we ship it. 

WE HAVE THE SWITCH THAT’LL 
TURN YOU ON. 









Dialight can deliver pushbuttons with momentary So call us at 718-497-7600. Or , 
or alternate action. Neon or LED illumination. Hot write Dialight Corporation, 203 Pusingd 
stamped or engraved graphics. And legends from the Harrison Place, Brooklyn, NY qa 
word GO to HALT. 11237-1587 and we'llsend you & 
We've even come out with illuminated pushbuttons our catalogs. When you have Z 
with built-in resistors, to help button down wiring costs. some time, browse through _ 
If you're in the market for rockers, toggles or levers, them. And, please, if youdon’t =~" 
Dialight can show you over a million combinations of see exactly what you like, eis: 
actuators, terminations, contact ratings, functions, just ask. . 


A North American Philips Company 


DIAL LIGHT Tl SWITCHES 
Products of your imagination, 
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IEEE 802.4 spec. The LLC sub- 
layer is defined as IEEE 802.2 class 
1 service, which is a peer-to-peer, 
connectionless protocol (“connect- 
ionless” refers to message transmis- 
sion that does not first require the 
sender to notify the receiver that a 
message is on the way). The transi- 
tion from software or firmware to 
hardware in a MAP network node 
often is located at the MAC-LLC 
interface. 

Layer 38, the network layer, is 
defined by MAP 2.1 as the ISO 8473 
connectionless internet protocol, 
which means that the end system 
does not explicitly establish connec- 
tions with other networks before 
transmitting messages. This layer 
establishes, maintains, and termi- 
nates network connections for end 
systems that link with multiple net- 
works; routes data packets onto the 
network and between linked net- 
works; and controls the flow and 
priority sequencing of messages. 

Layer 4, the transport layer, sep- 
arates data into packets at the send- 
ing system and reassembles the 
packets at the receiving end. This 
layer also provides data-packet 
error detection and recovery, moni- 
tors communications quality, and 
maps user-application names to net- 
work addresses. MAP 2.1 specifies 
the ISO 8073 class IV transport for 
layer 4. Class IV is the largest, most 
complex transport service. 

Layer 5 is the session layer, which 
establishes a dialogue between two 
user applications running in differ- 
ent end systems. It also multiplexes 
layer-4 service among several user 
programs in a multitasking environ- 
ment, ie, it allows a multitasking 
computer to send messages gener- 
ated by the programs it’s running 
out to the network. MAP 2.1 re- 
quires at least the kernel functions 
defined in ISO 8826/8327 in full- 
duplex mode. 

Data translation and formatting 
are supplied by layer 6, the presen- 
tation layer. MAP 2.1 defines the 
function of this layer as null; the 
network does no translating or for- 
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| "STANDARD OR SPECIFICATION 
ISO 7498, X.200 


ISO 8650/2-3, IEEE 802.1 
EIA 1393A/3 

DP 8571 
DP 8649/1-3, 8650/1-3 
CURRENTLY NULL” 

DIS 8326, 8327, X.215, X.225 

DIS 8072, 8073, 8602, X.214, X.224 


DIS 8348, 8473, 8648, X.213, 
X.1 THROUGH X.29 


IEEE 802.4 
IEEE 802.2 
DIS 802.4, X.211, IEEE 802.4 


INTERNATIONAL TELEPHONE AND TELEGRAPH CONSULTATIVE COMMITTEE) 


. PHYSICAL LAYER (wveny | 
DIS. DRAFT INFORMATION STANDARD (ISO) 
EIA ELECTRICAL INDUSTRY ASSOCIATION 
‘DP DRAFT PROPOSAL (ISO) 
“IEEE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS 
1SO INTERNATIONAL STANDARDS ORGANIZATION 
x CCITT (I 


PROTOCOL IDENTIFIER — 


| SOURCE: NETWORK CONCEPTS, P/N 97-31173-02, NOVEMBER 1985, CHARLES RIVER DATA 
SYSTEMS, § 983 CONCORD: ST, FRAMINGHAM, MA 01701. 


matting at this level. Consequently, 
all applications must use the same 
data format. GM plans to add layer 6 
at a later date. Layer 6 could be 
used for text compression, data en- 
eryption, or file-format conversion. 


Awaiting definition 

Layer 7 is the application layer, 
supplying network services to your 
application program. This layer is 
undergoing the most change. Serv- 
ices in layer 7 include file transfer, 
access, and management (F'TAM), 
which is MAP’s file system; common 
application service elements 
(CASE), which allow the applica- 
tion program to create an associa- 
tion with a remote peer application 
over the network; and manufactur- 
ing message format standard 
(MMFS, pronounced Memphis), 
which establishes a common struc- 
ture and syntax for messages be- 
tween peer applications. 

MMFS is evolving under EIA 
working group 1893A/3 and will 
eventually become the RS-511 stan- 


dard. GM developed MMFS as a 
control language for numerical-con- 
trol machines; the 1398A/3 proposal 
adds commands for programmable 
controllers, robots, and other de- 
vices on the factory floor. A major 
difference between MMFS and 
RS-511 is the command syntax. 
RS-511 will use the metalanguage 
notation of the CCITT X.409 and 
ISO ASN.1 standards. 

Your application program, which 
performs the non-network tasks in 
your end system, uses the services 
available from layer 7 to access the 
MAP network. Not all software 
products implement all layer-7 serv- 
ices completely. You need to decide 
what layer-7 services your applica- 
tion requires before choosing a 
vendor. 

Boeing Computer Services is 
championing a network called the 
Technical Office Protocol (TOP), 
similar to MAP at layer 3 and above, 
but using the IEEE 802.3 Ethernet 
spec instead of the token bus for 
layers 1 and 2. A network bridge 
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consisting of separate MAP and 
TOP physical and data-link layers, 
connected by a common layer 3, 
allows MAP and TOP networks to 
exchange data. Layers 4 and above 
are not needed by the network 
bridge. Designers envision TOP as 
an office network that could be 
linked to a manufacturing depart- 
ment’s MAP network, and MAP 
users should note that a significant 
portion of MAP definition activity is 
devoted to MAP-TOP compatibility. 

Twenty-one companies _partici- 
pated in a simulation of the MAP 2.1 
factory-automation system at the 
Autofact show in Detroit last No- 
vember. The demonstration linked 
MAP and TOP networks, simulating 
a manufacturing floor and manage- 
ment information system. End sys- 
tems were programmable control- 
lers, robots, and computers. As a 
demonstration of overall system 
flexibility, show attendees directed 
these end systems to produce tow- 
ers-of-Hanoi puzzles, custom built 
from base, pegs, and rings in a 
choice of red, white, or blue colors 
for each component. 

Orders logged into the system 
through the TOP network were 
manufactured and inspected by ma- 
chines on the MAP side. Based on 
the problems encountered during 
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the Autofact system integration, 
GM is planning to issue a new ver- 
sion of the specification, called 
“MAP 2.1 with errata.” The new 
version will be available by the end 
of this month, and it will remove the 
discovered inconsistencies in MAP 
2.1. If the MAP products you're 
considering meet the 2.1 standard, 
you should remember to ask wheth- 
er the product has taken the im- 
provements into consideration. 

Version 2.2 of MAP is due in June 
or July. It will clarify CASE serv- 
ices, define broadband frequency al- 
location and network media sharing, 
and increase the number of func- 
tions available in directory services. 
An appendix will include an en- 
hanced performance architecture 
(EPA) overview, which defines an 
interface between the application 
and the data-link layer. This inter- 
face will allow time-critical tasks to 
bypass several MAP layers. The fa- 
cility is a response to system inte- 
grators’ concern about the real-time 
abilities of MAP networks. Current- 
ly, data packets must traverse all 
seven network layers twice in mov- 
ing from one end-system application 
to another. 

MAP 2.2 will also include a carri- 
er-band alternative for layer 1, to be 
used primarily in such MAP subnet- 


DOWN CABLE 





Fig 1—End systems in MAP networks use two frequencies to communicate. In this 
example, end system 2 transmits a data packet to end system 1 by modulating a transmit 
carrier frequency (fr). The transmission travels up the drop cable to the directional tap, which 
routes the signal to the head-end remodulator. After decoding the transmission, the head-end 
remodulator sends the data packet down the cable on receive frequency fr to all end systems, 
including end system 1. 
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works as manufacturing cells. Al- 
though broadband transmission is 
preferred for very large networks, 
broadband modems are expensive 
and are not readily integrated in 
silicon. Carrier-band modems oper- 
ate at much lower frequencies (5 to 
10 MHz) than broadband-RF 
modems, so the required circuitry is 
simpler. The IEEE 802.4B commit- 
tee is working on a carrier-band 
proposal. 

MAP 3.0 is due late this year or 
early in 1987. It will add more speci- 
fications and options for use of the 
FTAM and CASE services. Also to 
be added is information on network 
routing and topology maintenance. 
The definition of the network man- 
ager will specify more functions 
than the MAP 2.1 definition speci- 
fies, and RS-511 will replace MMFS 
according to EIA 1393A/3 recom- 
mendations. 


Real products are available 


Although the MAP specification 
is still evolving, vendors are not 
waiting to offer products compatible 
with a final version. You can add 
MAP networking capability to your 
designs in the form of chips, stand- 
alone box-level products, or boards. 
Some products are available now, 
and others will appear throughout 
the remainder of the year. 

Motorola offers the $75.94 (100) 
68824 token-bus-controller IC, 
which implements the MAC sub- 
layer of the MAP’s data-link layer. 
The 68824 includes an onboard 
DMA controller with 32-bit address- 
ing capability, an 8- or 16-bit data- 
bus interface, and byte-swapping to 
support 16-bit, non-Motorola host 
uPs. The 68824 directly connects to 
a MAP broadband or carrier-band 
modem over an IEEE 802.4G-com- 
patible interface. 

This month, Motorola will start 
sampling the 68184, which imple- 
ments the digital portion of a MAP 
broadband-RF modem. The 68184 
operates at data rates to 10M bps, 
and the company estimates the part 
will cost approximately $15 (100) 
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in Gate Arrays: 
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Raytheon introduces a family of ad- performance, radiation hardness. Raythean Company 


Semiconductor Division 
C Flexible service and support: 350 Ellis Street 
complete integration of design and Mountain View, CA 94039-7016 
manufacturing eliminates gate array SE Le 


vanced Oxide-Isolated bipolar gate 
arrays combining density, high speed, 
low power consumption, and Inte- 


grated Schottky Logic. The 5,040 


gate, 150 1/0, CGA SOLIS. The 3,584 anxieties. Fully automated CAD (in- Access to the right technology 
gate, 1241/0, CGA 35L12. cluding conversion from logic simula- 

tion to placement and routing, linkage 
CO High performance: 1.2nS, 1604W between logic simulator and tester). 


Flexible customer interface points, 


(typical) gate performance for <0.2pJ 
program manager support. 


speed-power product. Selective en- 
hancement to 1.0nS. (Runs twice as 


fast as CMOS, without severe loading You have our words on bipolar gate 
degradation. And total chip dissipa- arrays, redefined. We’d like to get the 
tion <1.5W at top speed.) Full military word on your application. Rayt qoengRer 
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when in full production in 1987. 

Motorola plans to furnish samples 
of the 68194 chip in September or 
October. The 68194 incorporates a 
carrier-band modem and will trans- 
mit at 1M, 5M, and 10M bps. It’s 
designed to interface directly with 
the network’s coaxial cable and is 
projected to cost $25 (100) next 
year. Both the 68184 and 68194 sup- 
port the IEEE 802.4G modem inter- 
face. 

Stand-alone products constitute 
the easiest of the three paths to 
MAP compatibility. They typically 
provide access to the MAP network 
from an RS-282C or an RS-449/422 
port. Often called network-interface 
units (NIUs) or bus-interface units 
(BIUs), these stand-alone products 
were the first to offer a packaged 
solution to MAP interfacing. 

Concord Data Systems offers sev- 
eral stand-alone MAP-interface 
products, called Token/Net inter- 
face modules (TIMs). “Token/Net” 
is the name Concord gives its ver- 
sion of the MAP token-bus network. 
TIMs are available with 5M-bps car- 





A users’ group for M. 


information, contact 







Mark Shaw 
MAP Users’ Group 


Box 930 
Dearborn, MI 48121 
(818) 271-1500. 


a 





The MAP Users’ Group is part of f the Society of Mecutetnring 
Engineers and is a focal point for the evolving MAP specification _ 
and related product development. The group has held quarterly _ 

- conferences since September of 1984. These sessions include tu- 

torial programs, progress reports on standardization efforts, a 
announcements of new products. About 500 people attended the | 
last conference, held in Toronto last January. The next meeting . 
will take place in Seattle on Bape 14 an oe, 1986. For | more 
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rier-band and 5M- and 10M-bps 
broadband network interfaces. 

The Terminal Server TIM sup- 
ports four to 12 RS-232C or RS-422 
ports at data rates of 75 to 19.2k bps 
(asynchronous) and 1200 to 19.2k 
bps (synchronous). Prices range 
from $3225 to $4740, depending on 
network speed, modulation type 
(carrier-band or broadband), and 
expansion options. The Terminal 
Server TIM implements layers 1 
through 4 of the MAP, topped by a 
proprietary, serial-port application 
layer developed by Concord to in- 
terface terminals and other serial 
devices to MAP networks. 

For end systems that handle the 
upper layers of the MAP, Concord 
offers the Mapserver' and 
Mapserver/Plus TIMs. You can 
choose either a layer-2 or a layer-5 
interface to the Mapserver TIMs, 
and you have the same network- 
speed and modulation options. The 
Mapserver supports two RS-449/ 
422 ports with data rates of 9600 to 
230k bps (layer-2 interface) and 9600 
to 56k bps (layer-5 interface). The 





























Mapserver/Plus is expandable, sup- 
porting four to 12 RS-232C or RS- 
449/422 ports at data rates from 75 
to 19.2k bps (RS-232C) and 9600 to 
64k bps (RS-449/422). Prices of the 
Mapserver and the 4-port Map- 
server/Plus range from $4335 to 
$6200 and from $4500 to $5845, 
respectively. 


Putting MAP on your bus 


For products that use a standard 
microprocessor bus, you can proba- 
bly find a MAP-network-interface 
board set that fits in your card cage. 
Board-level products come complete 
with software implementation up 
through layer 7. 

Industrial Networks Inc offers a 
wide variety of board-level, MAP- 
compatible interfaces. The MM-400, 
MP-400, and MV-400 board sets 
plug into the Multibus, PC Bus, and 
VME Bus, respectively. Each in- 
cludes a MAP controller and a 10M- 
bps broadband-RF modem. A gen- 
eral-purpose MG-400 board set 
supports a serial RS-422 host inter- 
face. All INI board sets cost $3500 
and implement the full seven layers 
of the MAP. Software executes on a 
resident 80186 processor. 

Motorola plans to start shipping 
the MVME372 advanced MAP-net- 


work interface controller for the 


VME Bus in July. The manufactur- 
er is currently testing the board for 
MAP compliance. The MVME372 
incorporates the 68824 token-bus 
controller, which implements the 















The simplest approach to MAP interfacing 
is through a box-level product like the Map- 
server/Plus from Concord Data Systems, 
which can connect four to 12 RS-232C or 
RS-449/422 devices to a MAP network. 
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Extraordinary Quality 
at Exceptional Prices 





U.S. MADE COMPONENTS 
To ensure high quality, Compo” cable uses only top US. 
name brands such as AMP ™ TRW ™, and Amphenol™ 


EXCELLENT WORKMANSHIP 
Highly skilled and precision assemblers bring 
Compo” cables to perfection. 


EXTRAORDINARY QUALITY AT EXCEPTIONAL 
PRICES 


(eXo}pal ele mme-|6)(=<8- none imee)ene er-iliavm-lae Rela dpal-laciall e) 
yet prices are approximately 50% lower than those 
of comparable quality assembled in the US. 


READILY AVAILABLE STOCK 
We stock 10, 12, 16, and 25 conductors in 6, 10, and 
25ft length cables for immediate delivery. 


CUSTOM MADE TO YOUR SPECIFICATIONS 
NViV=¥e) ne Ws scxvslanle)(smaa\sker|e)(smaemel0| a e\-ebs(e-ideae-lale 
long-term supply agreements are available. 


5-YEAR GUARANTEE 

Each Compo” cable is individually tested to insure top 
quality. Because we are proud to stand behind our 
cables, we guarantee Compo” cables for 5 years from 
any defects in materials or workmanship. 





FOR MORE INFORMATION AND FREE SAMPLES, 
PLEASE CALL OR WRITE: 


COMPO INTERNATIONAL INC. 


305 BROADWAY, NEW YORK, NY. 10007 


AMP is a trademark of AMP Inc. | Amphenol is a trademark of Allied Corp. 
TRW is a trademark of TRW Inc. Compo is a trademark of Compo International Inc. 


PRICE TABLE 


STANDARD SEMI- SHIELDED FULLY SHIELDED 


EIA standard cable EIA standard with EDC cable Shielded hoods, Foil/Braided cable 
Exceeds FCC Docket 20780 requirements 


Length | a 
10ft 6ft 10Ft 25ft 6ft 10Ft 


12 conductors $7.70 $8.40 S 9.20 $13.50 $13.20 $14.50 
16 conductors $8.90 $9.40 $10.50 $15.50 $14.30 $15.90 
25 conductors $9.80 $9.80 $11.00 $17.80 $15.30 $17.10 


For ordering over 100 units, please call for the quantity discount prices. 
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| Concord Data : stems 
397 Williams St _ | 


617) 460-0808 
oo Circle No 739 


Fairchild Data Corp 

350 N ie . 
 Seottsdale, AZ8 852 al 
(602) 949-1155 

Circle No 740 


Industrial Networking Inc _ 
- 3990 Freedom Circle | 
- Santa Clara, CA 95052 
(408) 496-0969 ts” 
Circle No a1 . 


| Intel Corp  . - 
| 5200 NE Elam ‘eure Parlay - 
Hillsboro, OR 97124 | : 
(503) 681-8080 
_ Circle No 742 


MAC sublayer, and a 68020 uP that 
runs Micromap software for the 
upper layers of the protocol. Pricing 
of the board will be less than $3000. 
An object license for the Micromap 
software will cost $600. 

Intel’s iSXM 554 MAP communi- 
cations board for the Multibus costs 
$3750, comes with a companion RF- 
modem board, and includes a config- 
ured version of the company’s iNA 
960 software, which implements 
MAP 2.1 from the LCC sublayer 
through layer 4. An 8-user develop- 
ment license for MAP-Net soft- 
ware, which adds layers 5 to 7, costs 
$2000. Pricing for a MAP-Net ob- 
ject license has not yet been deter- 
mined. 

Concord Data Systems plans to 
ship its Mapware interface board for 
the Multibus in June. Based on a 
proprietary chip implementing the 
IEEE 802.4 protocol, the controller 
board includes software for layers 3 
to 7. You can order a board bundled 
with a 5M- or 10M-bps carrier-band 
modem ($2850), bundled with a 
10M-bps broadband modem ($3500), 
or unbundled ($2500). Coneord Data 
is planning to offer similar interface 
boards for other buses and is work- 
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ing with Digital Equipment Corp on 
a MAP interface for MicroVA X com- 
puters using the Q Bus. 

When unbundled MAP controller 
boards like Motorola’s MVME372 
and Concord Data Systems’ Map- 
ware Series become available, you 
will be able to select a MAP RF- 
modem board from a vendor other 
than your controller-board vendor. 
Two companies offering board-level 
RF modems are Fairchild Data and 
Scientific-Atlanta. Fairchild Data’s 
M8024 MAP-link modem currently 
serves VME Bus and Multibus sys- 
tems and costs less than $500 (2000 
quantity over two years). The com- 
pany will introduce Q Bus and Uni- 
bus versions of the M8024 in May, at 
prices less than $1000 (200). Scien- 
tific-Atlanta plans to offer its Model 
6420 modem in the third quarter of 
this year. The board is currently 
undergoing interoperability testing 
with Motorola’s MVME872. It will 
cost $799. EDN 


Article Interest Quotient 
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- 22V10 users: We'll duplicate your 22V1\ 
on our new part, for free. You'll have you 
part and our part with the same logic. _ 

Compare for yourself. Then erase anc 
program our part to your heart's conten 


A simple, one-minute toll-free phone _ 
call gets you, by instant return mail, 
your 22V10 COMPARISON OFFER 

CERTIFICATE with full details of the _ 


comparison offer. It’s easy. 


In California call, 1-800-423-444 
In Europe call, (32) 2-672-2220. 
In Canada call, (416) 475-3922 
Ask for Dept. C50. Offer expires — 
April 30, 1986. _ 
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Specialized CAE/CAD hardware accelerators 
decrease run times for every design step 


Eva Freeman, Associate Editor 


You can now select a hardware ac- 
celerator to speed any stage of your 
computer-aided engineering and de- 
sign projects. For CAE applica- 
tions, companies including Shiva 
Multisystems and Weitek have in- 
troduced accelerators that simulate 
electrical circuits—these accelera- 
tors complement the logic-simula- 
tion accelerators pioneered by 
Zycad and Daisy. For CAD applica- 
tions, you can turn to accelerators 
that can lay out pe boards or custom 
ICs. 

A hardware accelerator contains 
either a pP and a set of microcode 
instructions or a program encoded 
directly onto a custom IC. Because 
the hardware accelerator needn't in- 
terpret any software, it can run 
CAE programs as much as 1000 
times faster than can a workstation 
or even a parallel-processing com- 
puter. Hardware accelerators gen- 
erally take advantage of the parallel 
structure of CAE and CAD soft- 
ware by running several processes 
in parallel, an approach that con- 





By adding the Realdraw graphics accelerator to Valid’s Scaldstar IC-design workstation, 
you can reduce redraw times to one or two seconds. 


tributes to their high speed. 

But accelerators are expensive, 
and each one can run only a single 
CAE or CAD program. Moreover, 
you can update the program only by 


replacing the system’s electronics.~ 


Thus, you must identify which de- 
sign tasks are your greatest bottle- 
necks before you spend the $24,000 
to $2.5 million that each stand-alone 
accelerator can cost. 
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Once you have selected the tasks 
that you need to accelerate, you 
should run benchmarks on several 
accelerators and select the system 
that best satisfies your require- 
ments. All hardware-accelerator 
vendors can supply you with bench- 
marks, but keep in mind that each 
vendor chooses a design that favors 
its machines. Unless that design is 
typical of your designs, you won’t be 


§ Algorithms dedicated to 
me placement in Daisy’s 
MeyaGatemaster work- 
m station accelerate gate- 
Bee wrray design. 
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PC Layout 


Finite Element Analysis 


Drafting 


System Quality Graphics at a PC-Based Price. 
Introducing the Lundy 2000 Workstation. 


Lundy 2000 is a powerful turnkey 
workstation that gives you sharp, 
high speed, high quality graphics 
for about what you’d pay for a fully 
configured pc-based system. 
Turnkey Simplicity 

Because it is a stand-alone worksta- 
tion, you're spared from dealing with 
several manufacturers for different 
system components, as is common 
with most “put-together” systems. 
With the Lundy 2000, you’re backed 
by a Company with a proven, solid 
reputation for providing fine quality 
graphics systems complete with ser- 
vice and support. The Lundy 2000 is 
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as dependable and easy to operate 
as it is effective. All of this power is 
packaged as a highly compact turn- 
key system. 

Application Flexibility 

The Lundy 2000 workstation gives 
you fast, high quality design for finite 
element analysis, solids modeling, 
PC layout, mechanical design, and 
architectural applications, as well as 
business graphics and word pro- 
cessing. It displays up to 256 colors 
from a palette of 16.7 million and 
provides a 1536 x 1024 addressable 
map with 768 x 512 displayable res- 
olution. Dual processor architecture 
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and a high speed vector generator 
combine to provide full pan, zoom, 
and preview capabilities. This gives 
you operational flexibility to handle 
special graphics processing needs 
not met by standard host-dependent 
terminals. 

For more information, contact: 
Graphics Marketing, Lundy Elec- 
tronics & Systems, Inc., One Robert 
Lane, Glen Head, N.Y. 11545. 

(516) 671-9000. 
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able to use the benchmark to predict 
the hardware accelerator’s speed 
for your circuits. (See box, “Make 
sure you win the benchmark 
game.”’) 

The need for benchmarks that ad- 
equately represent your designs be- 
comes clear when you consider that 
raw computing power isn’t the only 
factor that determines run-time. 
For example, in many analyses, I/O 
operations—instead of calculations 
—limit execution speed. 

If, for instance, you use a hard- 
ware accelerator to simulate logic 
and you store the state of your cir- 
cuit after every clock cycle, your 
actual calculation time will be negli- 
gible; the disk access time will de- 


termine the length of your simula- 
tion. If, on the other hand, you store 
the state of your circuit only infre- 
quently, you won't care as much 
about disk I/O as you will about 
sheer computational power. 

According to Silicon Solutions, a 
manufacturer of hardware accelera- 
tors, a hardware accelerator that’s 
not optimized for I/O operations can 
spend 50% of its time recording 10% 
of the events that occur during a 
simulation. A hardware accelerator 
that a vendor has optimized for effi- 
cient I/O, on the other hand, re- 
quires as little as 7% of the run-time 
to record the same number of 
events. 

I/O isn’t the only process that can 


slow down a hardware accelerator— 
design compilation can also consume 
a substantial amount of time. To 
analyze a design that you have en- 
tered into a CAE workstation, a 
hardware accelerator must compile 
the design into a form that it can 
use. Especially for the complex cir- 
cuits that necessitate a hardware 
accelerator, compilation times can 
be lengthy. 


Many systems simulate logic 


In the usual design cycle, you 
verify a design before you lay out 
the circuit. To verify a circuit, you 
must perform logical, fault, and 
electrical simulations. Partly be- 
eause digital-logic simulation often 


—— ee 


Make sure you win the benchmark game 


A CAE or CAD vendor runs benchmarks for only — 


one reason: to convince you that its system meets _ 


your requirements better than any other package. — 
And, as long as the vendor performs an honest 


benchmark, you'll find that these evaluations usual- 


ly do provide the best way to assess competitive 
systems. However, each company wants to sell its 
product, so you must make certain that you can 
trust your benchmark’s results. 

Richard Finn, president and chief executive offi- 
cer of Calay, has developed a list of guidelines that 
can prevent a company from turning your bench- 
mark into a high-tech con game: 

1. Before you bring a benchmark to a vendor, 
run the same problem on your in-house system and 
document your results carefully. In addition to es- 
tablishing a base line against which you can com- 
pare a system’s performance, you can make sure 
that your problem does converge to an answer. 
Naturally, you should always submit your own de- 
sign for a benchmark; a company can easily create 
a benchmark that favors its own system. 

2. Don’t supply any data to the vendor before 
you start the benchmark. A vendor that possesses 

advance information can prepare data and take 
care to hide any cumbersome functions. Worse still, 
the vendor can even run your problem before you 
arrive. | 


3. Insist on running a problem that typifies your — 


needs. Often, a hardware accelerator can show 
faster performance for a circuit that is either more 
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or less complex than your usual design, but you 
won't benefit from that performance. By analyzing 
a circuit that is typical for you, you can select the 
best hardware accelerator for you. 

4, Interface the hardware accelerator to a sys- 
tem that is identical to yours. If you are planning 


to connect your hardware accelerator to an IBM 
PC, don’t let the vendor control its hardware accel- 


erator with a VAX 8600. 


5, Attend the entire benchmark. Not only does 
attending the benchmark permit you to measure 
— total run times, it enables you to observe any spe- 


cial maneuvers that may be necessary. Moreover, 
sometimes the last part of a run takes the longest 


time. If the run really is close to completion, then 


it shouldn’t matter if you stay a few extra minutes; 
if several more hours elapse, then you know that 


_ the run really wasn’t nearly complete. 
- 6. Document the benchmark carefully. Unless 


you take meticulous notes, you won’t be able to 
contrast the performance of different systems. 

7. Change your design during the benchmark. 
You must be certain that you can implement design 
revisions quickly. 

8. Give each vendor the same problem. If you 
have to modify your problem, rerun the revised 
problem on each system that you are considering. 

9. Never pay for a benchmark. A vendor doesn’t 
charge for a benchmark because it needs the 
money, it charges because it wants to discourage 
close examination of its system. 
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is the rate-limiting step in circuit 
design, hardware accelerators for 
logic simulation appeared first. Pio- 
neers Zycad and Daisy have been 
joined recently by Silicon Solutions, 
Valid, Cadnetix, and Aida. 

Silicon Solutions and Cadnetix 
both implement HHB Systems’ 
Cadat logic simulator in their hard- 
ware accelerators. Cadnetix can in- 
terface its 200,000-event/see CDX- 
7000 Simulation Engine into its 
CAE/CAD network for $59,900; Sili- 
con Solutions charges $25,000 for its 
250,000-event/sec Mach 100 and 
$100,000 for its 500,000-event/sec 
Mach 1000. 

Other CAE companies also pro- 
vide hardware accelerators for logic 
simulation; their systems incorpo- 
rate Zycad’s or Silicon Solutions’ 
products. Among these CAE com- 
panies are Mentor, Silvar-Lisco, 
and Tektronix, all of which sell 
Zycad’s Logic Evaluator, and HHB 
Systems, which markets the Silicon 




















An accelerator board, a parallel-processing computer, and software 
that runs faster than Spice constitute Shiva Multisystems’ SX Series 


circuit simulator. 
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Solutions Mach 1000 as the CATS 
Accelerator. 

Zycad’s hardware accelerators 
provide logic-simulation speeds 
ranging from 1G events/sec, for the 
$2.5 million System Development 
Engine (SDE), to 200k events/sec, 
for the Sprintor. Unlike most hard- 
ware accelerators, which are stand- 
alone add-ons to workstations or 
minicomputers, Sprintor is a pc 
board that plugs into personal com- 
puters or workstations. The compa- 
ny sells Sprintor only to OEMs, but 
you can obtain the product from 
Tektronix, which packages Sprintor 
into its $8000 TurboSim AT. 

To fill in the gap in simulation 
speed between Sprintor and SDE, 
Zycad offers several versions of its 
Logic Evaluator and its Expeditor 
hardware accelerators. These sys- 
tems can model from one million to 
16 million events/sec; prices start at 
$95,000. 

The number of events per second 


NR cans 








that a company quotes for its logic 
simulator can become another trap 
for the unwary. Zycad’s simulation 
speed refers to the number of out- 
put state changes that the hardware 
accelerator can process in one sec- 
ond. Other firms quote gate evalua- 
tions per second, a figure that you 
must divide by about 2% to equal 
output events per second. Some 
vendors also cite the number of 
equivalent gates per second that 
their hardware accelerators can 
simulate when the systems evaluate 
behavioral models; you can’t relate 
this number to the performance of a 
system because you don’t know how 
many gates the behavioral model 
replaces. 

Although the number of events 
per second that a logic simulator can 
evaluate indicates a system’s speed, 
you can get a better feeling for a 
system’s speed by examining a ven- 
dor’s published benchmarks. For ex- 
ample, you probably can’t translate 


This turnkey digital-logic simulation accelerator, the Zycad Expe- 
ditor, evaluates designs that contain as many as 50,000 gates at a 


speed of one million events per second. 
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the 500,000-event/sec speed of a 
Mach 1000 directly into a run-time. 
However, the company reports that 
to debug one 8-pole digital-filter cir- 
cuit that contains 20,200 transistors 
and 33,000 modeling elements, the 
Mach 1000 simulates 1000 vectors in 
1.3 minutes; a VAX 11/780 requires 
10 hours to duplicate this task. 

Hardware accelerators can de- 
crease fault-simulation run-times as 
much as they shrink logic-simula- 
tion times. In one benchmark, a 
VAX 11/780 requires 6.6 hours to 
inject 11,784 faults into a 6362-ele- 
ment circuit. Zycad’s Fault Evalua- 
tor performs the same task in 9.85 
minutes. Fault simulators from Sili- 
con Solutions, HHB Systems, and 
Daisy produce similar results. 

Hardware accelerators that simu- 
late electrical circuits have entered 
the market only within the last 
year; they’re available from Shiva 
Multisystems, Microsim, and 
Weitek. 

Using an implementation in sili- 
con of the University of California’s 
Spice program, Weitek’s product 
runs computations at 20 to 50 times 
the speed of a VAX 11/780. The 
hardware consists of a set of three 
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Multibus boards built around pipe- 
lined 64-bit floating-point chip sets. 
In OEM quantities, the Spice accel- 
erator costs $25,000. 

Shiva’s hardware accelerator sim- 
ulates circuits about 100 times fast- 
er than a VAX 11/780. The package 
comprises a hardware implementa- 
tion of PowerSpice (a fast version 
of Spice) and a parallel-processing 
computer. Systems range from 
$125,000 to $850,000. 

After you have completed the 
CAE (simulation) phase of your cir- 
cuit design, you can select a hard- 
ware accelerator to help you with 
the CAD (layout) portion. Such ac- 
celerators speed pc-board routing, 
gate-array placement, and custom- 
IC layout. 

Cadnetix and Calay sell hardware 
accelerators that route pe boards 
automatically. By using a rip-up and 
reroute technique, these systems 
achieve 100% routing for most de- 
signs. 

Unlike most routing packages, 
which analyze pc-board routing 
problems in layer pairs, Cadnetix’s 
CDX-75000 Route Engine-Plus con- 
tains a multilayer routing algo- 
rithm. The vendor reports that this 


router inserts 573 vias in one 311- 
equivalent-IC pc-board design; the 
vendor’s 2-layer router requires 
1519 vias to design the same board. 
The $77,000 system interfaces to 
Ethernet; you can integrate the 
company’s routing accelerator, its 
simulation accelerator, and its phys- 
ical-modeling system on a single 
network. 

Calay sells its routing engine in 
two forms: as the stand-alone RPR- 
300 off-line router and as a compo- 
nent in the V04 CAD system. The 
stand-alone engine costs $24,000; 
the CAD system, which includes a 
DEC PDP 11/73 computer, costs 
$179,980. 


Accelerators speed IC layout 


Hardware accelerators can help 
you with semicustom-IC design as 
well as with pc-board layout. By 
taking a statistical approach to gate 
placement, Daisy’s MegaGate- 
master can automatically place all 
the gates in a gate array. In gener- 
al, such an approach is slow com- 
pared with other approaches, but 
MegaGatemaster’s hardware accel- 
erator increases the speed of the 
process. The $143,000 system uses 
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Type 80D Switched-Mode Power Supply Capacitors are competitively 
priced. They’re fitted with snap-lock terminals for easy installation on PW boards. 


by Features include high capacitance per case size, low ESR, and high ripple current capability. 
For input filtering: standard 200 and 250 VDC. For output filtering: from 6.3 VDC to 100 VDC. 
Sprague Electric Company, a Penn Central unit, Worldwide Hdatrs., Lexington, MA. 


OS i | | Write for Engineering Bulletin 3156A to Technical Literature 
@ Service, Sprague Electric Company, 41 Hampden Road, 


Mansfield, MA 02048-1807 CIRCLE NO 50 
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the same hardware as the compa- 
ny’s MegaLogician simulation accel- 
erator, which also runs the compa- 
ny’s MegaFault fault simulator. 

Hardware-accelerator companies 
haven’t forgotten to address the 
needs of custom-IC designers. 
Hardware accelerators can elimi- 
nate bottlenecks not only in custom- 
IC layout but in layout verification 
as well. 

When you lay out a custom IC on 
your computer screen, you general- 
ly find that redrawing the layout is a 
major bottleneck in the process. 
Most layout systems require several 
seconds to implement a zoom or pan 
instruction. Because these _ inter- 
ruptions are too long to let you 
continue working, but too short to 
let you take a break, redrawing a 
layout can easily disrupt your con- 
centration. 


Fast graphics aids IC layout 


Silicon Graphics’ Iris workstation 
offers an alternative to waiting for 
your layout to reappear. This work- 
station includes two custom-VLSI 
circuits that accelerate the comput- 
er’s graphics. The chips scale and 
rotate images at a rate of 86,300 
floating-point coordinates per sec- 
ond. Phoenix Data Systems’ (Alba- 
ny, NY) IC-layout and -verification 
program, Icap, runs on _ Silicon 
Graphics’ workstations; by combin- 
ing Icap and Iris, you can make sure 
that redrawing a layout doesn’t hold 
up your work. The workstations 
start at $24,900. 

Valid has also accelerated the 
graphics in its workstations. Run- 
ning in the company’s dual-screen 
Scaldstar custom-VLSI worksta- 
tion, the Realdraw graphics-accel- 
erator board increases the drawing 
speeds of layouts by an order of 
magnitude. Redrawing typically 
takes one or two seconds. The 
graphics accelerator features a 
68020 wC that handles graphics ex- 
clusively. You can add Realdraw to 
your Scaldstar workstation for 
$10,000. 

Hardware accelerators can speed 
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the final step in an IC layout: verifi- 
cation of the layout. If you lay out 
your ICs on a Calma GDS II CAD 
system, you can use the Fast-Mask 
Engine, a hardware accelerator that 
uses parallel 68020-processor 
boards to check IC layouts for de- 
sign-rule violations. It runs these 
checks in the background on the 
CAD system’s Data General com- 
puter, without degrading the GDS 
II’s speed in the foreground. Ac- 
cording to the vendor, the hardware 
accelerator decreases the verifica- 
tion time of a 40,000-transistor wP 
from 72 hours and three minutes on 
an unaccelerated system to one hour 
and 10 minutes. The basic system 
starts at $60,000. 


Competition from computers 


More accelerators are due to ap- 
pear on the market, and these sys- 
tems should implement more CAE/ 
CAD functions. However, the 
future of hardware accelerators is 
unclear. On the one hand, no other 
system provides the sheer speed of 
these systems. On the other hand, 
high-speed computers are becoming 
more affordable, and these comput- 
ers don’t lock you into a single 
program. 

Mentor and AT&T OmniCad 
(Pittsford, NY) are pursuing the 
high-performance computer ap- 
proach. Mentor has implemented 
several of its CAE programs on its 
Compute Engine; AT&T OmniCad 
runs its Omniroute pe-board router 
on a Ridge (Santa Clara, CA) com- 
puter. 

At the same time that high-per- 
formance computers are becoming 
more affordable, the custom-VLSI 
parts used in accelerators are also 
decreasing in price. Hardware ac- 
celerators might not give up their 
role in CAE and CAD; they might 
simply become inexpensive add-ons. 
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For additional 
information, 

contact the RCA APT 
Sales Representative 
in your area. 


CALIFORNIA 
L.C.O. Technical Sales 
750-A Camden Avenue 
Campbell, CA 95008 
408 378-9900 


Seevid, Inc. 
15178 Transistor Lane 
Huntington Beach, CA 92649 
714 898-6100 
COLORADO 
Cleveland Ent. of Colorado 
1615 S. Murray Bivd. 
Colorado Springs, CO 80916 
303 597-8872 
FLORIDA 
Southeast Data Products, Inc. 
310 Spring Lake Hills Drive 
Altamonte Springs, FL 32714 
305 788-3666 
ILLINOIS 
Commodore 1 
5050 Newport Drive, Suite 7 
Rolling Meadows, IL 60008 
312 394-5441 
KANSAS 
Electri Rep 
7070 W. 107th St., Suite 160 
Overland Park, KS 66212 
913 649-2168 
MARYLAND 
T.E. Corporation 
2401 Blueridge Avenue 
Wheaton, MD 20902 
301 946-8300 
MICHIGAN 
Omicron Electronics 
11240 E. Nine Mile Road 
Warren, MI 48089 
313 757-8192 
MINNESOTA 
H.M.R. Associates 
9065 Lyndale Ave., South 
Minneapolis, MN 55420 
612 888-2122 
NEW HAMPSHIRE 
Associated Systems 
PO. Box 5211 
Manchester, NH 03108 
603 472-2297 
NEW YORK 
Labtronics, Inc. 
2209 Teall Avenue 
Syracuse, NY 13206 
315 455-7314 


G. Square Marketing Inc. 
26 Wynchwood Road 
Livingston, NJ 07039 
201 992-0475 
OHIO 
Lyons Corporation 
4812 Frederick Road, Suite 101 
Dayton, OH 45414 
513 278-0714 ° 
PENNSYLVANIA 
J. E. Cuesta & Co., Inc. 
PO. Box 188 
King of Prussia, PA 19481 
215 265-5800 
TENNESSEE 
Lester Vihon Associates 
Rt. 3, Box 108-A 
Tullahoma, TN 37388 
615 455-5767 
TEXAS 


Oeler & Menelaides, Inc. 
8340 Meadow Road, #224 
Dallas, TX 75231 
214 361-8876 
WASHINGTON 
Tek-Rep 
60 Lake Shore Plaza, Suite 3 
Kirkland, WA 98033 
206 821-4788 
CANADA 
Communications Components Sales 
1002-4515 Macleod Trail, S.W. 
Dumbarton Square 
Calgary, Alberta 
CA T2G 0A5 
403 243-2400 


RCA New Products Division 
Suite 750 

2 Robert Speck Parkway 
Mississauga, Ontario 

CA L4Z 1H8 

416 247-5491 
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ypewriter plus 16-key 
rallel or serial output. 


eypad, with pa 
out cases. 
Performance features include: spillproof, 
dustproof, unitized keyboards; flexible membrane 
switches with contact life rated at + 10,000,000 opera- 
tions; finger-positioning overlay with positive, light- 
touch keys (two are user-defined); adjustable volume 
aural keypress feedback; high noise immunity CMOS 
circuitry; and 5V DC operation. 
Pricing gives you a 
competitive edge 


VP606 


ew Products 
ivision 


Parallel Output Keyboards 

























VP601. Fully encoded, 128 character alphanumeric 
ASCIl keyboard, 58 light touch keys (two user- 
defined). Selectable “UPPER CASE ONLY.” Even 
parity bit, and keydown, KD, Strobe and Strobe-Not 
handshake signals for flexible interfacing. CMOS or 
TTL compatible output; will drive two TTL loads. $119" 
VP604. Same as VP601, less case and speaker. 
Includes assembled keypad and circuit board. $97° 
VP611. Identical to VP601 plus 16-key numeric 
keypad for easier entry of numbers. $157" 


Serial Output Keyboards 
VP606. Three separate asynchronous 


modes: EIA RS232C compatible; 20 mA 
current loop; TTL. Switch-selectable 

format. Six switch-selectable baud 
rates: 110 to 19.2K. Power on/system- 
busy LED. Other features identical to 

VP601. $1647 

VP608. Same as VP606, less case and speaker. 

Includes assembled keypad and circuit board. $134" 

VP616. All features of VP606 and VP601 

in a serial output format, with 16- 


key numeric keypad. $194: 


*OEM prices. Larger quantity dealer/OEM 
pricing available on request. 
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Until now, printed circuit board layout 
was an isolated process: done on a 
special-purpose workstation at the ‘‘back 
end”’ of the design effort. But Mentor 
Graphics saw it a different way. Since PCB 
layout brings together all the elements 
created by ‘‘front end’’ CAE tools, it 
should be integrated with those tools. 

So, PCB layout is now an integral part of 
the powertul Mentor Graphics IDEA 
Series™ of Engineering Workstations. 

At last, PCB layout resides in a CAE 
network that also includes hierarchical 
schematic capture, as well as logic and 
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analog simulation. All linked in an 
environment that permits fast, simple data 
sharing for greater productivity. 

As for the tools themselves, a very fast 
and efficient routing system optimizes 
board usage and minimizes manutacturing 
overhead. Now you can do both 
automatic and interactive fine line routing 
on even the most complex multi-layer 
boards. A double-sided placement editor 
presents a complete view of components 
on either side of the board under design. 

And you have the ability to work with 
almost any type of component package to 
optimize your design to meet current 
market requirements. 

Also, our PACKAGE tool bridges, at long 
last, the gap between EE and PCB 
designers. Any electronic design is 
automatically translated into proper 
component packaging. 

And when you're ready to go to 
manufacturing, we provide Gerber output, 
drill output and master drawing output. 

You can preview, right on the CRT, the final 
artwork, exactly as it will appear when 
completed. No waiting. No surprises. 

Finally, we've put PCB layout in an open 
system. With an open database and 
ASCII files, you’ve got a clear path to 
other systems, such as automated 
manufacturing, quality control and MRP. 

It’s all part of a vision unique to Mentor 
Graphics, the leader in design automation. 
let us show you where this vision can take you. 

Call us for an overview brochure and the 
number of your nearest sales oftice. 

Bracknell, England; Phone 0344-482828 Livingston, Scotland; 
Phone 0506-412222 Munich, West Germany; Phone 089-57096-0 
Wiesbaden, West Germany; Phone 06121-371021 Paris, France; 
Phone 04-560-5151 Milan, Italy; Phone 02-824-4161 Spanga, 
Sweden; Phone 0468-750-5540 The Hague, Netherlands; 

Phone 070-624-461 Tokyo, Japan; Phone 03-589-2820 Hong 
Kong; Phone 0852-566-5113 Singapore; Phone 07 79-1111 


Middle East, Far East, Asia, South America; Phone 
503-626-7000 Mississauga, Ontario; Phone 416-279-9060 








MN6227/MN6228 


12-Bit Sampling A/D's 

Sampling Rate: 33kHz Minimum 
Input Bandwidth: 16.5kHz Minimum 
Testing: Frequency Domain (FFT) 
Signal-to-Noise Ratio: 70dB Minimum 
Harmonics: —80dB Minimum 

Price: $74/100's 


You are looking at the first commercially- 
available, FFT-tested, high-speed, 12-bit, 
sampling A/D converters specified for digital- 
signal-processing applications. MN6227 and 
MN6228 are 38kHz A/D's with internal track- 
and-hold amplifiers. They are ideally suited 
for radar, sonar, spectrum and vibration 
analysis, voice and signature recognition, 
and other contemporary DSP applications. 
Unlike traditional successive-approximation 
A/D's without track-hold amplifiers, 
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these true sampling A/D's maintain near- 
ideal signal-to-noise ratios independent of 
increasing analog input frequencies. They 
are made for the frequency domain. 


Note the FFT spectra (right) and the data 
plot (top right). They clearly demonstrate 
the ability of these devices to maintain SNR 
with increasing input frequencies. In our 
frequency-domain testing, these devices 
operate in a manner that simulates a 
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digital spectrum analyzer with a known low- 
distortion input signal. The output spectra 
yield precise, practical measurements of 
signal level, noise level, signal-to-noise ratio, 
harmonic distortion, and input bandwidth... 
the keys to specifying for DSP applications. 
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This plot of actual recorded data demonstrates MN6227/ 
6228's ability to maintain near-ideal SNR with increasing 
input-signal frequency, while A/D's without companion 
track-holds show rapid (6dB/octave) SNR degradation. 


MN6227/6228 are the first A/D's in our new 
MN6000 series. The 12 and 16-bit converters 

in this series all contain internal, user-trans- 
parent, track-hold amplifiers that enable each 
device to accurately sample and digitize 
dynamically changing input signals with 
frequency components up to the Nyquist 
frequency (one-half the sampling rate). 


MN6227/6228 have a full 8 or 16-bit pP inter- 
face and are packaged in small, low-protile, 
28-pin ceramic DIP’s, with the industry- 
standard MN9574A pinout. 


For detailed informa- 
tion on MN6227/6228, 
send for our compre- 
hensive data sheet. 
For rapid response 
and a copy of our 384 
page catalog of data 
conversion products, 
call Bob LeFort at 
(617) 852-5400, x 297. 


Micro Networks 
324 Clark Street 
Worcester, Massachusetts 01606 
(617) 852-5400 





Micro Networks 
Advancing Data Conversion 
Technology 


Micro Networks 


A DIVISION OF UNITRODE CORPORATION 





Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas , TX (214) 991-8566; Santa Ana, CA (714) 261-5044; Columbia, MD (301) 997-3323. 
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PC Imaging... $1995.00 


@ - Matrox now offers two new image processing boards, the 
J12 x J12 x 8 frame buffer (PIP 512) PIP-512 and PIP-1024. The PIP series of boards provides 








complete 8-bit image acquisition, frame buffering, and 
° 1024 X 1024 x8 frame buffer (PIP-1024) display capability for the IBM PC. A PIP board upgrades th 
PC, XT or AT into a LOW COST, PROFESSIONAL image 
e 256 colors/gray shades processing workstation. 
e 16.7 million color output lut The PIP boards have all the high performance features 
; ; characteristic of top-of-the-line image processing systems 
e Real-time 8-bit frame grab with one exception: price. 
e DMA image transfer — 1M pixels/sec. 


For more info on MATROX PC imaging; CALL TOLL FREE 1-800-361-4903. 





1055 St-Regis Blvd 


Dorval, Québec, Canada 
H9P 2T4 

Tel.: (514) 685-2630 
Tix: 05-822798 


IBM PC, IBM PC XT, IBM PC AT ARE TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES. CIRCLE NO 53 
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CMOS chip set monitors for power failures 


and protects against data loss 


Providing orderly shutdown and au- 
tomatic restart for wP-based sys- 
tems, the Integrated Battery Back- 
up (IBB) 3-part chip set protects 
critical data during a power loss. 
The chip set is more than just a 
board-level battery for your com- 
puter’s volatile RAM—it allows 
your system to continue a task 
where it left off, as if no power 
disruption had occurred. 

The IBB comprises the DS1231 
power monitor, the DS1260 
SmartBattery, and the DS1212 non- 
volatile controller/decoder. The 
DS1231, which monitors the high- 
voltage inputs to your system’s 
power supply, warns the system’s 
wP of an impending power failure. 
Using a temperature-compensated 
reference circuit to compare line 
voltage and Vcc, the DS1231 uncon- 
ditionally halts the pP when Vcc 
falls below a user-selectable 5 or 
10% voltage threshold. By halting 
wP activity before an actual power 
failure, the DS1281 gives the pro- 


cessor time to store data in nonvola- 
tile RAM. 

When the line voltage returns, 
the DS1231 continues to hold the wP 


INTERRUPT 


RESET 


AC INPUT 





The DS1231 power monitor warns a system’s pP of an impending power failure so that the 
uP can store critical data before a power loss. When line voltage falls below a critical level, 
the DS1260 supplies battery power to the RAMs. The DS1212 determines which power source 
will best maintain the RAM data; this chip also guards data integrity during power 
transients. 
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To protect a pP-based system from data loss, the Integrated Battery Backup chip set 
monitors the high-voltage inputs to the system’s power supply and halts P activity as soon as 
power drops below a user-selectable 5 or 10% threshold, giving the processor time to store 
data in nonvolatile RAM before an actual power failure. 


inactive until power conditions sta- 
bilize, thus preventing the pro- 
cessor from accidently emitting 
write signals, which could change 
the data stored in RAM. When line 
power meets the power monitor's 
nominal specifications, the chip re- 
starts the »P. You can interface a 
UL-approved optoisolator directly 
to the DS1281. 

The DS1260 SmartBattery’s en- 
capsulated lithium energy cell re- 
freshes RAM data during a line- 
voltage power loss. As soon as Vcc 
exceeds the 3V battery output, the 
line voltage again supplies power to 
the system. The chip maintains its 
3V potential. Capable of providing 
more than 10 years of power, the 3V 
SmartBattery comes in 250, 480, 
and 960 mAhr capacities. 

The DS1260 has an isolation fea- 
ture that prevents the battery’s 
power capacity from dropping dur- 
ing shipping and handling. The 
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For VME/Multibus 
Applications 


= Leading and 
Trailing Edge Control 
= Standard Pin Patterns 
a JIT Delivery 
= Dock-to-Stock Reliability 
= Sample/Design Support 


_Valor's highly reliable, stable and close- 


toleranced delay modules meet asyn- 


_ chronous data transfer rates in your 
multiprocessor interface by tightly con- 


trolling the leading/trailing edges of the 
data stream. Both surface mount and 
standard configurations are available. 


Send for Catalog D85 


Sample quantities available from stock 


~ VALOR Electronics 


Creating Innovations in Pulse Magnetics and Delay Modules 
| 6750 Nancy Ridge Drive, San Diego, CA 92121 


Phone (619) 458-1471 


Telex:653406 VALORSD 
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A COMPLETE 


IN-CIRCUIT EMULATOR 


FOR $3995! 


Ziltek’s low-cost ICE-ENGINE/BX-8 
is the only real-time In-Circuit Emulator 
available that completely supports 8-bit 
microprocessor’s software/hardware 
development. Its $3,995 price tag includes 
the EPROM programmer, eraser, and the 
pod of your choice. Additional pods are just 
$990 each. Check these outstanding 
features: 
¢ Compatible with IBM® PC and dumb 
terminals. 

¢ With appropriate pods, supports Z80™ 
(A,B, H), 8085, 6809, 8048 and Z80 
CMOS series pPs. Additional pods 
available soon. 

¢ Full symbolic debugging. 

¢ Powerful and easy-to-use Debug 
Command Language. 

¢ Single, sequential and delayed triggers. 


¢ Unique register trace. 
¢ More than 50 commands keep you in 
complete control. 
¢ “Help” menus always available instantly. 
¢ All other standard emulator features. 
Call or write today for complete 
information. 


ZILTEK 


CORPORATION 


A subsidiary of Adtek System Science Co., Ltd. 


1651 E. Edinger Ave., Santa Ana, CA 92705 


Telephone: (714) 541-2931 
FAX: (714) 541-2933 
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UPDATE 


chip’s pins are recessed to prevent 
bending. Further, even when it’s 
plugged into the circuit, the lithium 
cell will electrically disconnect from 
the chip’s exposed pins when you 
pulse the chip’s reset input. Al- 
though the power chip’s dimensions 
are relatively large (1.50x1.05x 
0.41 in.), the DS1260 plugs into a 
standard 16-pin DIP socket. 

The third part of the IBB chip set, 
the DS1212 nonvolatile controller/ 
decoder, can convert as many as 16 
CMOS static RAMs to nonvolatile 
memories by automatically switch- 
ing supply voltage from Vcc to the 
DS1260 when a power failure oc- 
curs. Like the DS1231 power moni- 
tor, the DS1212 monitors incoming 
power for any out-of-tolerance con- 
dition. If it detects such a condition, 
the DS1212 inhibits its chip-enable 
pins, providing write protection for 
the RAMs. The chip holds each 
RAM’s chip-enable input to within 
0.2V of Vcc or the battery voltage, 
whichever is greater. When battery 
voltage exceeds Vcc, the chip shunts 
battery power to the RAMs for un- 
interrupted data refreshing. 

You can use the power-failure sig- 
nal from the DS1212 to interrupt 
the system’s pP when Vcc falls 
below a user-selectable voltage from 
4.75 to 4.25V. Further, every 
time you apply power to the circuit, 
the DS1212 performs a battery test 
to verify that the battery’s voltage 
is greater than 2V. The DS1212 can 
accommodate as many as two bat- 
teries; the chip tests each battery’s 
condition during the battery-backup 
operation and uses the battery with 
the higher voltage. If one battery 
should fail, the other will assume 
the load. DS1231, $3.30; DS1260, 
from $6.25; 16-RAM DS81212, 6.70 
(1000).—J D Mosley 

Dallas Semiconductor Corp, 4350 
Beltwood Parkway, Dallas, TX 
75244. Phone (214) 450-0400. 

Circle No 731 





EDN April 3, 1986 


Burst the 


price/ 
performance 


barrier! 


Philips proves that high performance 
doesn’t necessarily mean high price. 
The PM 5193 is the most competitively- 
oriced full-function 50 MHz-generator 
on the market. Yet it outperforms the 
most expensive. 

Just look at these features: 

e Extremely high accuracy thanks to 
8-digit resolution and crystal oscillator 
reference over the range 0.1mMHz to 
50 MHz. 

® Multi-function capability. Eight select- 
able waveforms (including 3 ns-Pulse 
and Haversine) and 5 modulation 
modes: AM / FM / Sweep / Burst / 
Gating. 

© Optimum programmability. IEEE com- 
patibility enables full remote control 
operation in automated system en= 
vironments. 


€ 


Moreover, the Philios PM5193 full- 
function generator is backed by the 
vast corporate resources of one of the 
world’s largest electronics companies. 
So Product Credibility in technology, 
technique, quality and service is assured. 


PM 5133 programmatic 


synthesizer /function generator 0.1 mHz - SO MHz 


Test & 
Measurement 


PHILIPS 


























the difference 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Philips I&E Division, T&M Department, 
Building HKF/55, 5600 MD Eindhoven, 
The Netherlands. 

In Germany call 0561-501484 

In the UK call 0223-35 8866 

In France call 01-8301111 

In the USA call 1-800-631-7172 


PHILIPS 
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Ethernet Test: 


g or youretnernet’  VVno Is Invoived In data excnange 





The LAS and its Ethernet Test Probe make 
your network transparent. 


- Monitor mode 

@ Disassembled display of data 
| traffic 
- @ Selective collection (e. g. user 

addresses only) 

_@ Automatic generation and 
testing of CRC word | 
~@ Measurement of data transfer Network simulation 


timing <r co @ Data terminal testing — 
@ Measurement of traffic loading without network 
by means of histogram display | ne 


| Generator mode 

- @ Sending of test patterns 

- @ Generation of collisions for 

| checking network behaviour 


- @ Simultaneous analyzer and 
generator operation 


_ The LAS — not only a 

- powerful tool for logic 

_ analysis but also ideal 
for LAN testing. 


Ask for the detailed Info LAS-2Z23 


Rohde & Schwarz GmbH & Co. KG 
Postfach 80 14 69 

D-8000 Muenchen 80 

Federal Republic of Germany 


iowa ROHDE & SCHWARZ 
Tel. internat. + (49 89) 41 29-0 


CIRCLE NO 16 


PRODUCT UPDATE 








VME Bus board family provides 


data acquisition and control 


The DVME family comprises nine 
VME Bus boards that perform A/D 
conversion, D/A conversion, and an- 
alog multiplexing. When combined 
with the vendor’s analog multiplex- 
er boards and software packages, 
these boards can form the basis for 
data - acquisition and _ control 
systems. 

The DVME-611 and -612 A/D con- 
version boards accept 32 single- 
ended or 16 differential analog in- 
puts. You can choose from four 
versions having the following reso- 
lutions and conversion rates: 12 
bits, 20 wsec; 12 bits, 4 psec; 14 bits, 
35 usec; and 16 bits, 400 msec. You 
program the boards to convert sin- 
gle-channel or sequential inputs and 
to generate an interrupt at the end 
of a conversion. Each board includes 
a programmable-gain amplifier, 
which specs a gain of between 1 and 
128, and an input-voltage range as 
wide as +10V. The -612 has two 
additional 12-bit D/A channels. 

The DVME-602, which has four 
isolated input channels, provides 
A/D conversion for thermocouples. 
It offers 1000V pk isolation and 
12-bit resolution, as well as an addi- 
tional sign bit. The board samples 
inputs at rates as high as 30 sam- 
ples/sec. It provides linearized out- 
put data in °C or °F. The four ver- 
sions of the DVME-602 accept 
different types of inputs. 

For D/A conversion, the DVME- 
624 and DVME-628 provide 12-bit 
resolution and an optional 4- to 
20-mA current-loop option. The 
DVME-624 provides four isolated 
channels that can accept voltages 
between —10V and +10V; the com- 
pany guarantees 300V isolation be- 
tween channels and between the 
channels and the VME Bus. Ver- 
sions of the DVME-624 offer either 
6- or 30-ysec settling times. The 
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This family of VME Bus boards offers A/D and D/A conversion and digital I/O communica- 
tions. Some models provide conversion resolution as high as 16 bits and sampling time as low 
AS 4 psec. 





DVME-628 has eight channels and 
offers 6-ysec settling time. 

The DVME-660 board offers 48 
digital I/O channels that operate 
with TTL-level signals. It contains 
an onboard timer and circuitry for 
implementing internal and external 
interrupts. 

The remaining three boards—the 
DVME-641, -648, and -645—are 
multiplexer boards that expand the 
number of input channels you can 
connect to the DVME-611 and -612. 
The DVME-641 includes 32 single- 
ended or 16 differential input chan- 
nels. The DVME-643 offers eight 
1000V-pk-isolated channels and pro- 
vides signal conditioning for ther- 
mocouples. You can order condition- 
ing modules for the DVME-643 to 
use RTD and strain-gauge sensors. 
The DVME-645 can accept 16 sin- 
gle-ended or eight differential in- 


puts that are sampled by 10 S/H 
amplifiers. 

All the DVME boards respond to 
addresses on 256-byte boundaries 
within the VME Bus’s 64k-byte I/O 
space. Two software packages are 
available: the first comes with the 
boards and provides a diagnostic 
test program; the second, DVME- 
UTIL, contains subroutines for sys- 
tem configuration and I/O functions. 

Prices for specific versions of the 
boards are as follows: DVME-611A, 
$1495; DVME-612A, $1595; DVME- 
602T, 1375; DVME-624V, $1145; 
DVME-628V, $1345; DVME-660, 
$795; DVME-641, $695; DVME- 
643T, $1435; and DVME-645, $1385. 
The DVME-UTIL software costs 
$385.—David Smith 

Datel, 11 Cabot Blvd, Mansfield, 
MA 02048. Phone (617) 339-9341. 
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Dual voltage-reference and comparator ICs 
offer precision specs, draw little current 


Two dual-section bipolar ICs pro- 
vide precision performance while 
drawing low power-supply currents: 
Model LT1034 3-terminal voltage- 
reference circuit resembles a pair of 
1.225 and 7V zener diodes con- 
nected in common-anode configura- 
tion; the LT1017/1018 Series dual 
comparators offer you a tradeoff be- 
tween low operating power 
(LT1017) and high speed (LT1018). 

Housed in a TO-46 metal can or a 
TO-92 plastic package, the LT1034 
dual reference contains a low-drift 
(20 ppm/°C max), 1.225V zener-like 
reference that operates with cur- 
rents from 20 wA to 20 mA. The IC 
also houses a somewhat less stable 
(40 ppm/°C typ) TV reference that’s 
specified for operation with cur- 
rents from 100 pA to 20 mA. 

Dynamic impedance for the 
LT1034’s 1.225V section is specified 
in two ways. The first method gives 
maximum change in voltage over 
two current ranges: The device 
specs 2 mV max for currents from 
20 pA to 2 mA and 8 mV max for 
currents from 2 to 20 mA. The sec- 
ond method gives incremental im- 
pedance at a 100-yA current: The 
device specs 10 max. For the 7V 
section, the IC yields 140-mV max 
change for currents from 100 wA to 
1 mA and 250-mV max deviation for 
currents from 1 to 20 mA. 

The LT1034’s 1.225V section also 
offers +15-mV voltage accuracy, 
4-uV p-p typ noise (over 0.1 to 10 
Hz), a 20-ppm/°C temperature coef- 
ficient, and 20-ppm typ long-term 
stability. The LT1034 is available in 
versions that operate over 0 to 70°C 
or —5d to +125°C and costs $2.15 to 
$2.85 (100) for commercial-tempera- 
ture-range grades. 

The LT1017/1018 dual compara- 
tors are pin compatible with exist- 
ing industry-standard dual compa- 
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You can choose a metal can or a plastic 
package for the LT 1034 dual reference. These 
bottom views show the IC’s pinouts in a 
TO-46 package (a) and a TO-92 package 
(b). 


rators. The LT1017, which is 
optimized for low power dissipation, 
draws 60-~A max supply current; 
the LT1018, optimized for high 
speed, consumes 250 pA max. For 
input signals providing 2-mV over- 
drive, delay time for the LT1017 is 
approximately 30 wsec for the sig- 
nal’s rising edge and 45 usec for the 
falling edge. Under the same condi- 
tion, respective delays for the 
LT1018 are approximately 9 and 
10 nsec. 


YS144011 
258.3k AT 5°C 
333.1k AT 0°C 


A useful feature of the two com- 
parators is their class-B output 
stage. Most other comparators have 
an open-collector output that 
obliges you to use an external pullup 
resistor to provide positive-going 
outputs. The class-B output stages 
of the LT1017 and LT1018 provide 
automatic pullup. Further, because 
the comparators can operate from 
supplies as low as 1.1V, they can 
run on a single cell. 

Voltage gain for both the LT1017 
and LT1018 is 110 dB min. This high 
gain allows the comparators to 
change state when very-low-level 
input signals are applied. Offset 
voltage for both models is 1 mV 
max, and their common-mode rejec- 
tion ratio is 105 dB min. Available in 
either 8-pin metal cans or in plastic 
DIPs, the LT1017 and LT1018 cost 
$2.10 and $1.95 (100), respectively. 

—Bill Travis 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
950385. Phone (408) 942-0810. 

Circle No 726 


O OUTPUT HIGH FOR 
0°C=<T<5°C 


NOTE: ALL RESISTORS ARE + 1%-TOLERANCE UNITS. 





Low power consumption and low-supply-voltage capability make the LT1017 suitable for 
use in this refrigerator-alarm circuit. The alarm trips when the refrigerator’s temperature 


goes below O°C or above 5°C. 
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The Analog Workbench” is the 
Analog CAE system truly suited to 
the unique needs of analog design- 
ers. The reason? It was conceived 
by analog designers. 

That’s why it has the most com- 
plete set of analyses on the market. 

For example, consider our Monte 
Carlo Analysis to predict manufac- 
turability. Or our Sensitivity/Worst 
oF Case Analysis to determine which 
Coo. CO” wor component values most affect cir- 


Er : oo 
“ ae cuit performance. And the Para- 
Le Lo metric Plotter that lets the designer 
_) | do “what if” anal- 
yses on circuit 
performance. 
You can 
design witha 


library of nearly 


% 








700 semi- ja ae 
conductors and Monte Carlo Analysis 
integ rated Clr- predicts manufacturability. 


Ne 


cuits. That, com- 
bined with our 
own SPICE 


160 
140 
120 
100 





PLUS™ simulator, 
provides the a 


ITTOOK ANALOG DESIGNERS — Siicicsiviion pggeeens 
rat 
T0 Ni circuit simulation Siiaton "ues 





Yet for all this sophistication, the 
Analog Workbench’s interface is so 
ANALOG CAE SYSTEM intuitive, you'll master it with little 
training. And start saving design 
time immediately. 

Our software runs on Apollo, 

HP and SUN workstations. And all 
these features are also available 
on the new PC Workbench,” an 
IBM PC version of the Analog 
Workbench. 

So give us a call. We'll tell you 
more about the special features of 
the Analog Workbench. Or just talk 
analog design. From one analog 
designer to another. Analog Design 


Tools, Inc., 66 Willow Place, Menlo 
Park, CA 94025, (415) 328-0780. 


The Analog Workbench, PC Workbench and SPICE PLUS are trademarks 
of Analog Design Tools, Inc. 
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IN A WORLD FULL OF ANOMALIES 





WE’VE FOUND ONE MORE, 
THE STANDBY UPS 





DESIGNED BY COMMITTEE. 


SOME FOLKS ACTUALLY BUY THEM 





OTHERS BUY CCI’S FAILSAFE AC AND DC INPUT UPS WITH ON-BOARD BATTERY CHARGER 


A loss of power to many computer and 
electronic systems is more than a 
momentary inconvenience; it may well 
result in catastrophic data loss or equip- 
ment damage. 

Converter Concepts offers OEM’s a 
unique solution to brownout, blackout, 
surge and noise conditions affecting 
power supply integrity. In our Versa- 
tron Failsafe (VF) Series, the UPS 
function is an integral part of the power 
supply it protects. Now isn’t that 
thoughtful of us? 

Both the AC and DC input circuitry 
share a common power transformer. 
This requires but one set of output 
windings while maintaining total isola- 


tion between AC and DC input sec- 
tions. Features include: 

e Integral battery charger, and 
65 to 100 watts total power 

@ 90 to 265 VAC, 100 to 380 
VDC, 80 to 140 VDC or 20 to 60 
VDC input range. No taps, straps 
or jumpers required 

@ Overvoltage limit protection, 
reverse polarity protection and 
power fail detect 

@ Remote sense, up to four 
outputs, open or closed frame 

@ Meets UL 1012, 114 and478 

@ Options include: Overvoltage 
shutdown protection, thermal 
shutdown and ruggedization. 


The Converter Concepts VF Series 
is an AC dominant, DC type UPS oper- 
able on stand-alone AC, stand-alone DC 
or an external DC source. Upon return 
of AC line, the supply automatically re- 
turns to the AC mode, enabling the in- 
tegral battery charger. What you get 
is a compact UPS for OEM’s with none 
of the inherent shortcomings of redun- 
dant, diode OR’ed outputs. 

Call Converter Concepts or our 
nearest representative for our 1986 
catalog and a 30-day evaluation unit. If 
you value performance, you'll be glad 
you made the call. 


Phone: (800) 253-5227 


AL Alabama (205) 895-9160, AR Ar- kansas (214) 681-1376, CA Southern 
California (714) 859-3105, Northern California (415) 887-1620, CANADA 
Eastern Canada (416) 675-4490, West- erm Canada (604) 430-3680, CO Col- 


orado (303) 773-2830, CT Connecticut THE LEADER My | WIDE INPUT SWITCHER TECHNOLOGY (617) 655-6080, DE Delaware (215) 


887-2310, FL Central Florida (305) 


298-7748, Southern Florida (305) 792- 


2211, Western Florida (813) 443-5214, GA Georgia (404) 263-9688, ID Idaho (801) 546-4837, IL Illinois (312) 398-5300, IN Eastern Indiana (616) 846-4980, Southcentral Indiana (513) 
890-8322, KY Kentucky (513) 890-8322, LA Louisiana (214) 681-1376, MA Massachusetts (617) 655-6080, MD Maryland (215) 887-2310, ME Maine (617) 655-6080, MI Micnigan (616) 
846-4980, MS Mississippi (205) 895-9160, NC North Carolina (919) 833-8755, NH New Hampshire (617) 655-6080, NJ New Jersey (215) 887-2310, NY Upstate New York (315) 455-7346, 
New York City (215) 887-2310, NV Northern Nevada (415) 887-1620, OH Ohio (216) 238-5905, OK Oklahoma (214) 681-1376, OR Oregon (503) 292-0820, PA Western Pennsylvania 
(412) 823-5400, Eastern Pennsylvania (215) 887-2310, RI Rhode Island (617) 655-6080, SC South Carolina (919) 833-8755, TN Tennessee (404) 263-9688, TX Texas (214) 681-1376, 
UT Utah (801) 546-4837, VA Virginia (215) 887-2310, VT Vermont (617) 655-6080, WA Washington (206) 743-6641, WI Wisconsin (414) 259-1771, WV West Virginia (412) 823-5400, 
CONVERTER CONCEPTS, INC, INDUSTRIAL PKWY, PARDEEVILLE, WI (800) 253-5227 


WY Wyoming (303) 773-2830 
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32-bit singl 


e-board computer includes 


graphics, networking, and I/O circuits 


The 68020 Uni-System computer 
combines the 32-bit 68020 pP, I/O 
ports, memory, and optional graph- 
ics and networking circuits on a tri- 
ple-height VME Bus board. The 
company will configure the board to 
your specifications. The basic 68020 
Uni-System includes the 68020 (run- 
ning at 16.7 MHz), a 68851 paged 
MMU, 2M bytes of RAM, and sock- 
ets for as many as 128k bytes of 
ROM. You can expand the memory 
to 8M bytes and add a 68881 float- 
ing-point processor. In addition, be- 
cause the board can use a 20-MHz 
clock signal, you’ll be able to replace 
the wP with a 20-MHz version when 
one becomes available. Six DMA 
channels provide onboard or off- 








SERIAL 
EXPANSION 
; TO 12 CHANNELS 


board memory transactions. 

For connection to peripherals, the 
board has an SCSI X8T9.x interface 
that provides disk and tape informa- 
tion-transfer rates as high as 4M 
bytes/sec. An optional SMD inter- 
face can provide disk information- 
transfer rates to 15M bytes/sec. 

You can specify between five and 
17 serial ports for the Uni-System. 
The board comes with four 9.6k- 
baud RS-282C ports, as well as a 


-1M-baud port that can implement 


RS-422 or RS-232C protocols. The 
vendor can put as many as 12 addi- 
tional 9.6k-baud RS-232C ports (for 
a total of 16) on the board. An 
IEEE-488 interface and Ethernet 
capability are optional. 


| 
16k-BYTE CACHE | 








LAN INTERFACE 
ETHERNET 802.3 





The board’s graphics option offers 
640 x 480-pixel resolution in eight bit 
planes. The graphics circuit con- 
tains an HD63484 graphics pro- 
cessor and a video memory that’s 
separate from the main memory. 
The board comes with software 
compilers and debuggers and can 
operate under either the Unix Sys- 
tem V or the Berkeley Unix 4.2 
operating systems. The compilers 
and debuggers help you write pro- 
grams in C, Pascal, and Fortran 77. 
The standard board costs $6000 in 
OEM quantities.—David Smith 

Goodspeed Systems Inc, Box 29, 
East Haddam, CT 06423. Phone 
(203) 873-1481. 
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| GRAPHICS SUBSYSTEM 


| PIXEL RATE <110 MHz 

RESOLUTION TO 1280x1024 PIXELS | 
| 256 OF 4096 SIMULTANEOUS COLORS | 
: VIDEO RAMS | 


Capable of combining networking and graphics with I/O, memory, and processing hardware, the Uni-System can provide a complete 32-bit 


computer on a triple-height VME Bus board. 
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Programmable 802.3 LAN-protocol analyzer 
traps message frames in 1M-byte buffer 


The HP4971S LAN-protocol analyz- 
er lets you test your own IEEE 
802.3 or Ethernet baseband 10M- 
bps LAN. Using the analyzer, you 
can monitor and capture message 
frames in a 1M-byte buffer. The 
analyzer uses 16 user-definable fil- 
ters for packet-trapping criteria and 
message-transmission triggers. 

You can display the captured 
frames in hexadecimal, ASCII, or 
EBCDIC, or in combinations of 
these three formats. Using a 
soft-key-based programming lan- 
guage, you can configure the ana- 
lyzer to selectively store message 
frames from the network, to trans- 
mit as many as 16 predefined mes- 
sages when it receives an appropri- 
ate trigger, and to measure network 
performance by using event timers 
and counters. 

In its simplest mode, the 4971S 
stores every message frame appear- 
ing on the attached network. Each 
frame is time-stamped with a reso- 
lution of 32 usec, so you can mea- 
sure network-traffic speed and 
node-response times. You can scroll 
through each captured packet and 
mark those of interest for compari- 
son or further examination. You can 
display node addresses in hexadeci- 
mal notation, or, for a more under- 
standable data display, you can as- 
sign alphanumeric names to 500 
network nodes. 

For troubleshooting specific net- 
work problems, the analyzer offers 
focused message capture: You can 
use the 16 programmable filters to 
designate which frames to store. 
Filtering criteria (which include 
source address, destination ad- 
dress, and type field) use 14 hard- 
ware-trigger bytes. You can also 
specify maximum and minimum 
frame length, a feature that’s useful 
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Offering soft-key programmability, 16 user- 
definable filters, event timers and counters, 
and triggered message generation, the 4971S 
LAN protocol analyzer lets you troubleshoot 
IEEE 802.3 and Ethernet LANs and mea- 
sure their performance. 


when you're searching for partial 
frames or jabber problems. 

An additional 47 hardware-trig- 
ger bytes are available for use with- 
in the data field of the message 
frame. Filters share hardware-trig- 
ger bytes. For example, if you use a 
trigger byte to monitor the seventh 
byte in the data field, some or all of 
the filters can use only one trigger 
byte to monitor that byte position, 
even though each of the filters may 
be set to look for a different value in 
that position. 

A soft-key-based programming 
language allows you to use the fil- 


ters sequentially and in combination 
to further qualify frames for cap- 
ture. You can program the capture 
to start or stop when a filter is 
matched, so you can see the events 
that lead to or follow the point of 
interest. The frame that matches a 
filter can also be positioned in the 
center of the buffer. You can use the 
filters to mark frames of interest for 
subsequent examination. 

The 4971S also allows complex 
multiway branching, in which deci- 
sions are based on network events 
and the passage of time between 
events. 

The 4971S supports 16 message- 
transmission buffers. A message 
can be transmitted in respose to an 
incoming frame within 10 msec typ. 
You can define messages that range 
from 5 to 2026 bytes in length. 
These limits are beyond the legal 
limits (1518 bytes max) of Ethernet 
frames, so you can test a node’s 
reaction to message fragments and 
jabber problems. The 4971S can 
load the network by as much as 90% 
of its capacity. By varying the load 
the 4971S generates, you can test a 
network’s sensitivity to loading. 

With a keyboard, CRT display, 
dual floppy-disk drive, media-access 
unit, and cables, the 4971S costs 
$30,000. Delivery, eight weeks 
ARO.—Steven H Leibson 

Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94302. 
Phone local office. 
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VAacomlnelncelelneraulac 
programming flexibility with the advanced 
Micropross ROM 5000D. With this system 
you spend your time programming, not 
a atelavesiatematelceh\7elceme lave mellauccl ie 
configurations. Programming virtually any 
PROM, EPROM, EEPROM, PAL*, IFL or 
malreacerveelalice)l(cime(c7acm slo \vacliemlameste 
ULav) corm tatemlel0le) Be olce)alelececMeitckihic 
448 kbytes of user RAM to handle all 
foreseeable chips; users automatically 
get a free disk-based software 
updating service. 


You can choose from two 
versions: a standalone workstation 
complete with keyboard, screen and disk 
drive, or a low-cost black-box add-on for 
A Sd\V uae A @ksirs Vale Mexoyan) oye lee) (acm soluam(erclaeice 
Micropross’ unique menu-based softkey- 
driven operating software for the ultimate 
in user-friendly programming. 


Gl iB ie)melarclicmek) area 
copy of the Micropross video. 


Picrornoss 


Micropross European Head Office: 
Parc d'activité des Pres 

5, rue Denis-Papin 

59650 Villeneuve dAscq 

France 

Tel: (20) 47.90.40. Telex: 12061) MUPROSS I 
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New from MHS: 
he Ultrafast memory 
amily, that meets all 
our high speed data- 


1986: THE YEAR 


0 F T H F C 0 Mi ET 9/35/45 ns. Three figures tell it all. 
PERFORMANCES Theyre the access times of 
MEMORIES — == 
HM 65747 4Kx1 25/35/45 


the new ultra-fast advanced 
HM 65748/49 1Kx4 


CMOS COMET® memories 
from MHS. These speeds are 


the fastest available on the 


CMOS market. Other COMET® 
features include a wide 
HM 657872 



















COMET® CMOS Overfast MEmory Technology 25/35/45 


20/39/45 
39/45/55 


operating temperature range, 
CMOS consumption, automatic 
power down mode, and out- 
standing resistance to electro- 
static discharge. COMET® 
memories are thus an effec- 
tive state-of-the-art replacement for bi- 
polar or ECL technology products. 


20/35/45 
39/45 
64K x1 30/45 


HM 65788% 16K x4 39/45 


** Available late 86 
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Printed-circuit-board sockets 
simplify LED installation 


If you’ve ever needed to replace 
LEDs that have been soldered to a 
pe board, you know how difficult, 
time consuming, and costly the task 
can be. The PCH and PCV Series 
sockets provide an inexpensive solu- 
tion to the problem: They offer a 
reliable means of electrically con- 
necting LEDs to pe boards without 
soldering. The sockets accommo- 
date both low-profile and standard- 
length LEDs. Because they’re com- 
patible with wave-soldering 
techniques, you can mount the sock- 
ets along with the other components 
and assemble the board in one step. 

PCH devices accommodate hori- 
zontally mounting LEDs; PCV 
sockets handle LEDs that mount 
vertically. Both socket versions are 
molded from UL-listed nylon plastic 
and feature tin-plated phosphor- 
bronze contacts. You can insert and 
remove LEDs from either the front 
ts. The 





low-profile LEDs. 
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sockets’ finger contacts automatical- 
ly adjust to accommodate a variety 
of LED lead shapes and sizes. The 
LEDs must, however, have dual 
leads on 0.1-in. centers. 

The sockets also feature polarity 
identification, standoffs, and lock- 
type vibration security. This securi- 
ty feature, which allows you to bend 
the LED leads after they’ve been 
inserted into the socket, makes the 
sockets suitable for use in high-vi- 
bration and high-shock applications. 
Further, the PCV sockets let you 
insert the LEDs through a hole in 
the back of the pe board, so they’re 
suitable for use in applications in- 
volving dead-front-panel lighting, 
where space is usually limited. PCV 
and PCH Series sockets cost $0.25 
(10,000).—Tom Ormond 

Visual Communications Co, Box 
986, El Segundo, CA 90245. Phone 
(213) 822-4727. 
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Faraday delivers 
the Micro PC. 

A single board 
computer with 


the capabilities 
of the IBM’ PC 


but only 
4.2x 6.2 inches. 


With the Faraday Micro PC, you can imbed 
the power of the IBM PC into thousands 

of new applications. The Micro PC features: 
@ Plug-in card @ ROM BIOS on board 

@ 8088 processor with optional 8087 
co-processor ™ 256K RAM memory 

= 64K ROM memory @ CMOS version 
optional @ 4.77 mhz 

You can depend on Faraday to deliver 
100% PC BUS compatibility. We supply 
OEMs in telecommunications, office auto- 
mation, industrial automation, instru- 
mentation, manufacturing test equipment, 
medical instruments, point of sale, com- 
puter terminals and personal computing 
applications. 

For more information on the Micro PC 
or other Faraday PC BUS single board 
computers, call us at 408-749-1900. 

Faraday Electronics, 743 Pastoria 
Avenue, Sunnyvale, California 94086, 

TLX 706738. In England, TLX 847096 


. 
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E, 
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IBM is a registered trademark of International Business Machines 
Corporation. 
Micro PC is a trademark of Faraday Electronics. 
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SINCE YOU MUST 
COMPLY... 


FCC/VDE/UL’ CSA’ 
ELIMINATE RISK 


Check our ex- 
Clusive guaran- 
tee when your 
product faces 
Emissions, 
Safety or Tele- 
com spec hur- 
dies. Meet FCC 
Part 15/68, UL®, 
CSA®, TUV®, VDE or ia 
DOC Telecom specs with little risk or bother. 

Dash, Straus & Goodhue, Inc., is the East 
Coast's largest research laboratory specializing 
in compliance, and the only New England lab to 
earn Canadian DOC certification. 


ELIMINATE 


























Here is our 
unique guaran- 
teed rate/guaranteed 
date program: We quote a 
complete cost and a completion date for bring- 
ing your product into compliance . . . up front. 


ELIMINATE IMPEDIMENTS 
TO MARKET 


We handle 
design consul- 
tancy, test, retro- 
fit procedures 
and al/ 
paperwork. 

DS&G offers 
combined pro- 
grams for products 
that must comply 
with several standards. 


ELIMINATE CUSTOMER 
ae 


We also de- 
liver custom- 
ized seminars 
in test tech- 
niques, legal 
procedures, 
and site design 
so that your 
company can 
handle testing 
and filings in house. 


































Call DS&G today for complete peace of mind. 
Guaranteed. 









__ Engineering - 

. 1986 Compliance 
Engineering 1986 
available FREE 






The industry’s best 
guide to compliance 
Circle Number 3 


Dash! Straus Ay ent 


Dash, Straus & Goodhue, Inc. 
593 Massachusetts Avenue, Boxborough, MA 01719 
617-263-2662 


For information on Dash, Straus & Goodhue 
circle 


For Compliance Engineering circle 3 
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Electrically erasable array 
replaces 20- and 24-pin PLDs 


The GAL 20V8 programmable logic 
device (PLD) can substitute for a 
variety of 24-pin PLDs, but it draws 
roughly half the current that the 
traditional PLDs use. Like its pred- 
ecessor, the 20-pin GAL 16V8, the 
GAL 20V8 is electrically erasable 
and reprogrammable. You can pro- 
gram the parts on PLD program- 
mers from Data I/O Corp (Red- 
mond, WA) and Stag Microsystems 
Inc (Sunnyvale, CA). The GAL 
20V8 has a 25-nsec propagation 
delay, which is equivalent to that of 
an A-Series bipolar PAL device, but 
it draws 90 mA max—half the PAL 
device’s current-consumption spec. 
In addition, the GAL 20V8’s out- 
puts can sink 24 mA, as can many 
bipolar parts. 

Both the GAL 16V8 and the GAL 
20V8 have programmable 
macrocells that drive their outputs. 
The PLD programmers contain pro- 
gramming patterns that specify the 
macrocell configurations for emulat- 
ing a particular type of device. The 
GAL 20V8 can replace such devices 
as the 14L8, 16L6, 18L4, 20L2, 
20L8, 20R8, 20R6, and 20R4. You 
can implement registered devices 
like the 20R4 because the 
macrocells are programmed to im- 
plement a register at four of the 
GAL’s outputs. Further, because 
you can program any of the 


macrocells to form a register, you. 


have more flexibility in assigning 
output signals to particular pins 
than you do when you use a regis- 
tered device. 

Because the GALs can be erased 
and reprogrammed, the manufac- 
turer can test them before shipment 
and guarantee 100% functionality 
and 100% programming yield. 

The GALs, which let you use 
standard PLD programming tools 
such as Abel, CUPL, and PALASM 





Although it offers the 25-nsec propagation 
delay of an equivalent bipolar PLD, the 
electrically erasable GAL 20V8, a CMOS 
PLD, draws only half the current that the 
bipolar device draws. 





to create your design, can be pro- 
grammed in two-thirds the time it 
takes to program PAL devices. The 
GAL 20V8 comes in a 300-mil plastic 
package. A 25-nsec version costs 
$17.63, and a 35-nsec version costs 
$18.26 (100).—David Smith 
Lattice Semiconductor Corp, 
15400 NW Greenbrier Parkway, 
Beaverton, OR 97006. Phone (503) 
629-2131. 
Circle No 730 
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VICTREX RESINS. 
WE'VE GONE 











The heat was on. And 

in test after grueling 

lest for high tempera 

(ure performance, 

Victrex® resins beat 

the leading competi 

(ion. 

Our Victrex PES (poly 
ethersulfone) has a 

ere) Te baheceleromee tt} ola ka 

ture rating of L8OC—that’s LOC 
higher than polyetherimide, and 
30C higher than polysulfone. 
Neveu eotolercaemiolem paranaelel an cemeele 
difference between PES and 
polyetherimide in a UL break 
down, you will see it in the life of 
your product. Fact is, at 170C 
PES has twice the lifetime of 
polyetherimide. 


*Expected UL rating. 


At 180C, PES delivers 
superior creep strength. 
AUL94 VO flamma 


bility rating — one of 
the best in the indus 
try. And excellent load 
byeatueevomeraterelelienetans 
And tor even higher 
(temperature perfor 
mance up to 250C% 
we've got Victrex PEEK (poly 
etheretherketone). [Us the ideal 
(es be) Karam Ce) eral b) by ecare tare) etomelareeratare 
ing exceptional thermal, chemical 
ravecemeedonlolet.iacele meine) blame lane 
So if you're starting to cool off to 
your present thermoplastic, talk 
to us. Send in the coupon and 
we'll prove just how hot Victrex 
resins are. CIRCLE NO 47 


Victrex isa registered trademark of Lmperial Chemical Industries PLC 
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REVOLUTION BY 
ANALOGY. 
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REVOLUTION BY 


ANALOG. 


Our revolutionary new 12-bit, 5s 
CMOS A/D converter eliminates 
specification compromises. It gives 
you the speed and resolution you need 
without the power, size and cost pen- 
alties of hybrids. 

Made possible by our advanced 
monolithic BiMOS technology, the 
AD7572 features: low 135 mW power 
dissipation; 0.3” 24-pin DIP or 28-pin 
LCC packages; on-chip buried zener 
reference; 90 ns bus access time; and 
a revolutionary price. 

The AD7572 is one of our hundreds 
of innovative data acquisition compo- 
nents, all aimed at making it easier to 
design signal processing subsystems. 


For more information, call your near- 


est Analog Devices, Inc. sales office. 
Analog Devices, Inc.: Austria (222) 
885504; Belgium (3) 237 1672; Den- 
mark (2) 845800; France (1) 4687-34- 
11; Holland (1620) 81500; Israel (052) 
28995; Italy (2) 6883831 (2) 6883832 
(3) 6883833; Japan (3) 263-6826; 
Sweden (8) 282740; Switzerland (22) 
3157 60; United Kingdom (01) 9410- 
466; West Germany (89) 570050. 


ANALOG 
DEVICES 


CIRCLE NO 66 





93 


LEADTIME INDEX 








Percentage of respondents 





TRANSFORMERS 


Toroidal 
Pot-Core 

















Laminate (power) 

CONNECTORS 4 
Military panel 10.9 
Flat/Cable 5.0 
Multipin circular 0.6 
PC 7.3 
RF/Coaxial 8.0 
Socket 4.5 


Terminal blocks 
Edge card 

Subminiature 
Rack & panel 


















PRINTED CIRCUIT BOARDS 
Single-sided 
Double-sided 
_ Multilayer 
Prototype 


RESISTORS 


Carbon film 
Carbon composition 
Metal film 
Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 


65 




























SWITCHES 


Pushbutton 










Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual in-line 


WIRE AND CABLE 


Coaxial , 
Flat ribbon 1.4 
Multiconductor 
Hookup 
Wire wrap 1.7 
Power cords 






















POWER SUPPLIES 
Switching 





CIRCUIT BREAKERS 





HEAT SINKS 
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RELAYS 


General purpose 
PC board 
Dry reed 
Mercury 
Solid state 


DISCRETE SEMICONDUCTORS | 
Diode 26 


Zener 
Thyristor 
Small signal transistor 
FET, MOS 
Power, bipolar 29 




































INTEGRATED CIRCUITS, DIGITAL 
CMOS 33 f4 6.7 






33. 






OP amplifier 
Voltage regulator 


MEMORY CIRCUITS 
RAM 16k : 


RAM 64k 
RAM 256k 
ROM/PROM 

















EEPROM 
DISPLAYS 


Panel meters 
Fluorescent 
Incandescent 





Liquid crystal 


MICROPROCESSOR ICs 
8-bit 









—_ 
o 
oO 






16-bit 0. 11.39 7.2 
FUNCTION PACKAGES 
Amplifier 9° 9 0 2 63 










Converter, analog to digita 
Converter, digital to analog | 


LINE FILTERS 








CAPACITORS 


Ceramic 
Ceramic monolithic 
Ceramic disc 
















Electrolytic 
Tantalum 


INDUCTORS 
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Source: Electronic Purchasing magazine’s survey of buyers 
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ABBOTT'S NEW 
TRIPLE-OUTPUT 100 kHz 
200-WATT SWITCHING 
DC-DC CONVERTER. 


When an application calls for a small yet powerful converter, Abbott 
delivers the juice. That’s why Abbott has created the model BC200. With 
a 2.5 watt/cubic inch power density, it delivers a reliable 200 watts with 
low ripple/noise and EMI within the limits of MIL-STD-46]B. 

Its mechanical design protects it from the most adverse environmental 
conditions and thermally allows for optimal heat dissipation to keep junction 
temperature below | 10°C. A field-proven design and construction process 
provides dependable performance under severe shock and vibration. Its low 
profile makes it compatible for ATR sized applications. All this adds up to a 
triple-output converter that lives up to our reputation—‘When reliability is 
imperative®”’ 

Standard features include automatic short-circuit protection and current 
limiting. Plus, a wide array of options make model BC200 adaptable to just 
about any aerospace application. Soon, Abbott will offer a complete family 
of model BC converters including 60 ana 100 watts with single and quad- 
ruple outputs. Call or write for complete specifications and our new Abbott 
Military Power Supply Catalog today. 

Abbott Transistor® Laboratories, Inc., Power Supply Division, 5200 West 
Jefferson Bivd., Los Angeles, CA 90016 (213) 936-8185. Eastern Office: 
(201) 461-4411. Southwest Office: (214) 437-0697 London Office: 

0737 82 3273 


ORE JUICE 





MODEL BC200 SPECIFICATIONS 


DIMENSIONS 

Input voltage 

Outputs 

Switching frequency 
Efficiency 

Ripple/noise 

Line regulation 

Load regulation 

EMI 

Environment 

Input protection 
Operating temperature range 
Storage temperature range 
MTBF ™* (Ground benign) 
Standard 

ER option 

MTBF * (Air inhabited) 
Standard 

ER option 


*MIL-STD-217D (50°C Baseplate) 


1.875” x 5.75" x8" 

22 to 32 Vdc 

5V, +12 V;or5V, +I5V 

100 kHz 

60% minimum 

100 mV peak-to-peak maximum 
10 mV (22 to 32 V dc) 

10 mV main (0.5% aux outputs) 
Meets MIL-STD-461B 
MIL-STD-810C, MIL-S-901C 
MIL-STD-704D 

—55°C to +100°C 

—65°C to +125°C 


140,000 hours 
1,100,000 hours 


23,000 hours 
160,000 hours 


WHEN RELIABILITY IS IMPERATIVE. 


MILITARY POWER SUPPLIES 
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total integration. 
Thats the benchmark. 
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P-CAD’s newest generation 
CAE/CAD design tools can 
take you all the way from con- 
cept to finished design on 
one system. That's why it's the 
Benchmark against which other 
design automation products 
are being judged. 


O FIRST, COMPARE FUNCTION. 

P-CAD provides a true end- 
to-end PCB design solution. 
Designers can create prelimi- 
nary sketches interactively with 
the PC-CAPS schematic capture 
program. Once the conceptual 
data is formalized, tools like 
PC-PLACE perform automatic 
component placement. A built- 
in histogram capability aids in 
part swapping to optimize 
placement. Next, PC-ROUTE 
provides automatic routing for 
trace interconnections. 

After the plots have been 
run and artwork generated, PC- 
DRILL extracts the data needed 
to generate paper tapes. These 
tapes drive the NC-drilling 
machines so that prototypes 
and finished PC boards can be 
manufactured. With P-CAD, 
concept to prototype is all a 
single, totally integrated system. 


co NEXT, COMPARE PRICE. 


P-CAD’s modular PCB 
design software runs on a stan- 
dard PC-AT,™ or compatible 
computer. So you get the func- 
tionality of a high-priced work- 
station at a fraction of the cost. 
And without getting locked into 
a one-vendor hardware solution. 


CO THEN, COMPARE OUR FEATURES 
WITH EVERYONE ELSE. 
Other CAE/CAD systems 
give you some of P-CAD’s 
features. But no one has them 
all. Here are a few of the 
capabilities that make 49. 
P-CAD the a 
Benchmarkin | 
PCB design: 


© 1986, Personal CAD Systems, Inc. IBM, PC, and AT are 
registered trademarks of International Business Machines Corp. 
MS-DOS is a trademark of Microsoft Corp. 


e All software runs under MS-DOS™ 

¢ Supports many medium and high- 
resolution graphics boards. 

¢ Single point data entry; once data 
is captured with PC-CAPS, user never 
needs to re-enter it. 

¢ Boards can be designed on up to 
25 layer pairs with PC-ROUTE. 

¢e PC-ROUTE users can select from 
multiple routing strategies for the 
highest completion rates. 

e User can stop and start PC-ROUTE 
at any time. 

e PC-PLACE lets user define multiple 
placement lattices, provides tools for 
locating, analyzing, and optimizing the 
resulting placement, and handles both 
DIPs and discrete components. 

¢ PC-DRILL can extract data from 
PC-CARDS design database for trans- 
ferring data to paper tape punch 
machines, and provides optimization 
of drilling patterns. 

¢ Support for pen plotters, dot matrix 
orinters, and all models of photo- 
plotters with PC-CARDS. 





—c Now, COMPARE COMPANIES. 

Setting the standard in 
PCB Design software is just one 
of our achievements at P-CAD. 
We're breaking ground in semi- 
custom IC and programmable 
logic device (PLD) design, too. 
By adding function. And 
reducing price. 

Call P-CAD toll-free at 

(800) 858-6384 (in CA: 
408-354-7193). Or write: 
Personal CAD Systems Inc., 
981 University Ave., Los Gatos, 
CA 95030. TELEX 2788606. 
(P-CAD products also available 
for rent or lease from US 
Instrument Rentals.) 

And do a little comparison 

_ shopping. 








p-cad 





THE BENCHMARK COMPANY 
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For the Technical Professional: 


The story behind IBM's 





new 32-bit RISC PCs. 


These aren't your ordinary workstations. 

For IBM RT Personal Computers—6150 and 6151 
—are built around a revolutionary 32-bit, virtual 
memory, RISC-based microprocessor. Developed 
and manufactured by IBM. 

The significance? Far faster throughput. Because 
RISC (for Reduced Instruction Set Computer) archi- 
tecture eliminates many of the unnecessary bells 
and whistles found in conventional chip design. 

What’s more, an IBM RT PC can directly ad- 


dress up to four megabytes (Mb) of real memory, 


over a trillion bytes of virtual memory and up to 210 | 


Mb of DASD, or disk storage. 

All of which makes IBM RT PC 
ns ae particularly well 
suited for the total application 
requirements of technical pro- 
fessionals working in engineering, 
scientific, industrial and academic 
environments. 


CADAM® and CIEDS' Software 


One of the key programs avail- 
able for the IBM RT PC—attached 
to the IBM 5080 Graphics System 
—is Professional CADAM. And it’s 
compatible with established host- 
based CADAM. 

There's also Computer-Integrated Electrical De- 
sign Series (CIEDS), which allows for the schematic 
capture of integrated circuit designs. 

And there is a growing list of applications avail- 
able from software companies in the following 
fields: mechanical and electrical CAD/CAM, petro- 
leum production, artificial intelligence, i shoe 
engineering, project management and graphics. 


UNIX? System V 


The primary operating system is derived from 
the UNIX System V—with some very important 
enhancements added by IBM. These enhancements 
make this operating system—Advanced Interactive 
Executive or AIX’—much easier to use, give it im- 
proved performance and reliability, and also add a 
virtual storage capability. 

This operating system gives you multi-user and 
multi-tasking operations for up to eight concurrent 
local or remote users working on low-cost ASCII 






The IBM RT PC 6150 Model 20 


Floor-standing unit 


terminals such as the IBM 3161. 
There is also a full-function IBM SQLAT rela- 


tional data base management facility available. 
Understands Many Languages 
The IBM RT PCs are highly literate. You’ll be 


able to write and run applications in C, Fortran 77, 
BASIC, PASCAL and Assembler. 

And as for general-purpose applications, you'll 
be able to run UNIRAS* (for engineering and busi- 
ness graphics), RS/’ (for data analysis and graph- 


ing functions), IMSL® (a library of Fortran sub- 


routines), Interleaf’s Workstation 
Publishing Software; Solomon 
III’ (for accounting), SAMNA+° 
(for spreadsheet and word pro- 
cessing) and Applix IA" (for 


integrated office functions). 
PC Compatible 
The IBM RT PCs can incorpo- 


rate as an optional feature an Intel 
80286 coprocessor (in effect a PC 
AT on-a-board) that runs concur- 
rently with the 32-bit RISC proces- 
sor. That means the RT PCs can 
support many existing IBM PC ap- 
plications and the interchange of 
their related data. It also means the RT PC I/O bus 
can accept standard PC cards. 

Contact your IBM marketing representative. Or 
call 1 800 IBM-2468, Ext. CZ/815, for participating 
Authorized Dealers, or for free literature. Soft- 
ware companies interested in — 
writing programs for the [BMRT = =a 
PC should call 1 203 783-7141. => 





[BM Ol IZ 7” — eset 


| DRM, Dept. CZ/815 
| 101 Paragon Drive, Montvale, NJ 07645 


| (] Please send me information on the IBM RT PCs. 


| Cl Please have an IBM marketing representative call me. 


| 
| 
| 
| 
| Name Title | 
| 
| 
| 


| Company 
| Address 
| City State Zip 
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compatibility in 212A modems 





Superior Performance Under All Conditions 


With AT&T divesture, the likelihood of getting worst case line conditions 
has increased considerably. At EXAR we feel that modems must 
operate reliably under all the harsh conditions of the telephone network. 


These conditions include: 


——_ 1509 LINE 
= IMPEDANCE 








EXAR Performs 
Where Competition Fails 


The XR-212AS performance under these worst case line 
conditions is excellent. Our modem experts could not even 
make the competitor's chips work under these conditions. 
Our lab test results show: 


EXAR COMPETITION 
S/N=12dB BER=1/10-—5 Non-functional 


Would you want your customers to keep dialing 
over and over to get optimum line conditions? Don't take 
the chance! EXAR’s chip set outperforms the competition 
under all conditions. 


Hayes® Compatibility 


EXAR offers a complete design for a Hayes* compatible 
Bell 212A smart modem. A complete design and software 
package is available to insure smooth, easy design-in for 
your system. 

EXAR’s modem experts will provide assistance during 
your design-in phase and will provide technical support for 
all aspects of your modem design. Call EXAR's responsive 
Applications Engineering Group on our Modem Hot Line, 
408/732-7970 x 381, for modem applications assistance. 


Available in SMD 


The XR-212AS Bell 212A Modem Chip Set has set the 
standard for performance. In applications where size is of 
utmost importance, quad surface mount packages are 
now available. 
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Worst Case Line Conditions (3002, CO) 
Low Carrier Levels (— 40 dBm) 

Varying Line Impedance (150 ©) 
Frequency Offset (=5 Hz) 








EXAR also supplies support circuits such as op amps, 
line drivers and receivers in a wide variety of packages 
including surface mount. 


Value Pricing 


EXAR leads the competition in performance, packaging, 
technical support and service and offers competitive volume 
pricing. That's EXAR’s commitment. Contact us today for 
value pricing on the XR-212AS SMD quad pack modem 
chip set. 

EXAR is an innovator in custom and semi-custom 
ICs, and offers one of the industry's largest lines of proprie- 
tary and alternate-sourced ICs in the standard products 
area used in telecommunications, digital data processing, 
and industrial control applications. 

As well as wafer foundry services, EXAR offers custom 
and semi-custom programs using bipolar, CMOS (metal & 
silicon gate), and 1L technologies. 









_] Please send me additional information 
on the XR-2120/2121/2122/2125. 


_] Please send me the XR-212AS 
Design Booklet. 


C1] Please send me EXAR'’s full line databook. 


Name Title 


Company. Dept./Div. 


Address 





State 





City 


Phone ( | ee ee ee 2 





Application 


7 BXAR 


750 Palomar Avenue, Sunnyvale, CA 94086 Tel. (408) 732-7970 TWX 910-339-9233 
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Special Report 


Datacomm 
protocol ICs 








Multiprotocol ICs can support communcations for synchronous, 
full-duplex packet-switching networks. They also support 
the still-popular asynchronous character-switching protocols 
employed, for example, in RS-232C links. Many of these 
chips furnish programmable options that give you creased 
software control over protocol selection. 





Denny Cormier, Western Editor 


anufacturers of communications ICs are of- 

fering a plethora of protocol ICs, ranging 

from standard UARTs to programmable 
multiprotocol chips that you can tailor to your needs. 
Intel, Signetics, and Standard Microsystems, for exam- 
ple, are introducing programmable multiprotocol ICs to 
support not only your asynchronous character-switch- 
ing datacomm links but also a variety of synchronous 
packet-switching network protocols, including IBM’s 
SDLC and the CCITT’s X.25. These chips manage 
error-correction and data-encryption at the hardware 
level, but programmability is the real attraction. 
What’s more, if you are working on a multichannel 
proprietary datacomm link, for either personal-comput- 
er peripherals or mainframe workstations, you can now 


Datacomm protocol ICs tie your computer system to a wide variety 
of data-processing resources. Your protocol needs may run to new 
CMOS versions of the familiar UART or to the programmability of 
flexible multiprotocol ICs. (Photo courtesy Harris Corp) 
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put a new breed of multiprotocol ASICs from Cirrus 
Logic to work in your design. 

Because a wide variety of computer peripherals and 
mainframe timesharing networks are designed for 
asynchronous communications through RS-2382C or -489 
interfaces, Gould/AMI, Harris Corp, Rockwell Interna- 
tional, Standard Microsystems, Western Digital, and 
others are introducing programmable CMOS ICs to 
reduce power consumption while providing more flex- 
ible control over data-rate selection, framing, bus con- 
tention, and connection to telecommunications equip- 
ment. At the same time, CMOS versions of standard 
asynchronous datacomm ICs, like asynchronous com- 
munications interface adapters (ACIAs), are making 


their debut. 
In general, the selection of the appropriate protocol 


ICs to manage parallel-to-serial data conversions de- 
pends upon the following factors: channel bandwidth, 
the number of terminals to be managed by the network 
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For mainframe and PC datacomm links, the NMOS SCN2652/68652 
multiprotocol communications controller from Signetics handles 
both bit-oriented (SDLC, HDLC, ADCCP) and byte-control protocols 
(DDCMP and bisync) with either CRC or VRC error control. 


or system, DTE memory and access methods, accepta- 
ble protocols, and overall reliability of the datacomm 
system. The cost of the chip that you pick will usually 
rise proportionally with the cost of the whole system. 

Fig 1 groups datacomm systems within engineering 
and office environments into the three basic applica- 
tions tiers—mainframes, minicomputers, and PCs— 
which include such specific applications as CAE re- 
source sharing, credit checking, electronic fund and 
mail transfers, inventory control, hospital and medical 
information retrieval, point-of-sale data collection, and 


RELATIVE CONNECT 
COST 





automatic teller machines (ATMs). As you go up the 
scale in Fig 1, your need for the multiprotocol chips will 
tend to increase. At the low end, for example, if you’re 
designing a communications port for a low-cost ASCII 
terminal, you might be best off with a conventional 
UART or USART. 

At the other end of the scale, in the mainframe tier, 
programmable multiprotocol chips are likely to prove 
more useful. Character-oriented protocols once pre- 
vailed in mainframe applications, but standard packet- 
switching dialogues are increasingly popular because 
they consume less overhead than asynchronous proto- 
cols, which require start- and stop-bit framing. As 
designers of software for mainframes mount a con- 
certed effort to bring datacomm interfacing protocols 
under software control, they’re using the multiprotocol 
chips to add the internationally accepted synchronous 
X.25 protocol to their systems, which might already 
include asynchronous character switching as well as 
synchronous protocols like XDLC. 

An example of this effort was presented last January 
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Fig 1—Your selection of ICs to handle network protocols must take into account relative component costs as a function of the data-transfer 


bandwidths you plan to attain. 
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at the 1986 Denver Usenix Conference by Don Sterk, a 
UTS (Universal Time-Sharing) systems programmer at 
Amdahl Corp (Sunnyvale, CA), in his paper concerning 
full-duplex I/O support on mainframe computers (Ref 
1). According to Sterk, the interfacing of character- 
switching UTS port drivers with X.25 protocols can 
enhance both user and system transparency of Unix I/O 
ports. Such an approach allows mainframe systems 
designers to port Unix through pre-existing X.25 data- 
comm hardware channels. Sterk designed such a sys- 
tem, which employed an Amdahl 4705 as a packetizing 
front-end processor that worked with an Amdahl 470 or 
580 mainframe. 

Keep in mind that the Fig 1 scale doesn’t always 
apply. You needn’t be near the top of the scale to find 
that a multiprotocol chip is called for. For example, if 
youre linking a PC to an X.25 network (Fig 2), you will 
benefit from a multiprotocol chip. And when error- 
checking or datacomm security is an issue (see box, 
“Keeping your datacomm dialogue secret”), you'll defi- 
nitely want to consider one of the latest generation 


PACKET MODE 


DATA-TERMINAL EQUIPMENT 

PUBLIC DATA NETWORK 
PACKET-SWITCHING EXCHANGE 
DATA-CIRCUIT-TERMINATING EQUIPMENT 
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CMOS versions of standard asynchronous 
datacomm ICs, like asynchronous commu- 





nications interface adapters (ACLAs), are 


making their debut. 





multiprotocol ICs for your design. 

One recently introduced multiprotocol IC is Intel’s 
$8.95 (1000) 82530 serial communications controller 
(SCC). You can program it to support a variety of 
packet-switching synchronous protocols as well as char- 
acter-oriented asyne protocols (Fig 3). The CMOS 
device (HMOS II) features dual full-duplex serial chan- 
nels, an on-chip crystal, an internal baud-rate genera- 
tor, an independent digital phase-locked loop for each 
channel, diagnostic local loop-back capability, and 
CRC-16 error-checking. The SCC handles synchronous 
datacomm links under interrupt-driven or DMA control 
when used in conjunction with Intel’s MCS51 microcon- 
trollers or with its iAPX86/88/186 «Ps. 

Intel’s $8.30 (1000) 8274 multiprotocol serial control- 
ler (MPSC) is an HMOS, single-channel version of the 
82530. When you provide »P support, the MPSC not — 
only handles most error-checking bit/byte-synchronous 
protocols, but also lower-level X.25 packet-switching 
protocols at data rates as high as 880k baud. 

Data sheets for both the SCC and the MPSC claim 


START STOP 


ACTER- 
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(SOURCE: SIGNETICS CORP) 





Fig 2—Although X.25 does not specify protocols for intranetwork routing and control, it does cover physical data links to DCEs and DTEs as 
well as datacomm protocols within the network itself. Outside the X.25 domain, conventional protocols like the asynchronous X.28 and 


synchronous X.21 bis dominate. | 
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Character-ortented protocols once prevailed 
im mainframe applications, but standard 
packet-switching dialogues are increasingly 


popular. 








X.25 compatibility. Mark Peterson, Intel’s datacomm The SCN68562 controls each data-formatting channel 
product marketing manager, elaborates on that claim via a separate 16-bit multifunction counter/timer, a 
by saying that both devices have an 8-bit bus structure digital phase-locked loop, and a CRC generator for 
and require support from an external »P to handle the error checking. You can use the IC’s on-chip FIFO 
16-bit X.25 LAPB and LAPD protocols. Both chips memory to reduce DMA overhead and the number of 
come in 40-pin DIPs. NEC is a second source for the interrupts. Signetics offers the SCN68562 in either a 


8274 with its »~™PD7201A MPSC. 48-pin DIP or PLCC for $18 (1000). Hitachi plans to 
become a second source for the DUSCC chip in the 
Expanding to meet multiprotocol needs third quarter. 


Signetics, with help from Motorola, has expanded its 

product line of datacomm-peripheral chips into a family Chip for high-speed telecomm 

of multiprotocol ICs. Signetics (an early developer of Signetics has another peripheral IC—the SCN2652/ 
datacomm protocol ICs under the direction of Alan 68652 multiprotocol communications controller (MPCC) 
Weissberger, who also was instrumental in the formula- —that’s adaptable to X.25 protocol interface formats 
tion of the X.25 protocol standards) introduced the within either the mainframe or the PC datacomm 
most powerful member of the family late last year. That applications tier. Although the MPCC is an NMOS 
chip, the MOS-LSI SCN68562 dual universal synchro- device, it’s TTL compatible and operates from a single 
nous communications controller (DUSCC), offers sever- 5V supply. The chip’s ability to manage 8- or 16-bit 
al software-selectable protocols that range from bit- protocol formats through a 3-state bidirectional data 
oriented XDLC or X.25 to byte-controlled bisyne _ bus simplifies line-controller and front-end communica- 
(X.21). Motorola’s 68000 family ~P can communicate tions. For high-speed synchronous data transfers, like 
with the DUSCC via asynchronous bus-control signals, those in telecommunications DCE interfaces or indus- 
and the DUSCC also handles interrupt-driven and _ trial systems where noise interference is a problem, 
DMA data transfers. you can use the MPCC in conjunction with the 
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Fig 3—Many multiprotocol ICs handle both synchronous and asynchronous datacomm formats. Intel’s 82530 SCC uses the formats shown 
here. The reduced overhead and internal CRC error-detection algorithms of synchronous protocols (bisync, XDLC, X.25, etc) lead designers 
to prefer such protocols for high-speed data transfers. 
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SCN2653/68653 polynomial generator checker (PGC) to 
handle CRC-12 and -16 error-checking protocols (Fig 
4). The 2-MHz device is available in either a 40-pin DIP 
or PLCC and costs $4 (1000). 

You can obtain from several other chip makers 
MPCCs that are functionally similar to the SCN2652. 
Last year, Rockwell International introduced its 4-MHz 
R68560/1 MPCCs, which support a variety of synchro- 
nous protocols in addition to X.25. The 48-pin R68561 
supports word-length (16-bit) operations when con- 
nected to a 68000 bus, and the 40-pin R68560 manages 
byte-length (8-bit) operations from a 68008 bus. Unlike 
the Signetics MPCC, the R68560/1 parts provide an 
internal CRC algorithm. The R68560 and the R68561 
sell for $18.50 and $20.90 (1000), respectively. 

Other multiprotocol chips come from Standard Micro- 
systems, Western Digital, and Zilog. Working at data- 
transfer rates as high as 1.5M baud, Standard Micro- 
systems’ COM-5025 multiprotocol universal syn- 
chronous receiver/transmitter (USYNRT) handles a 





TxBE, TxU, RxDA, RxSA 


INTERRUPTS 


Fig 4—You can interface most of the standard synchronous data- 
comm protocols with general-purpose 8-bit Ps at 2M-bps data rates 
through the Signetics SCN2652/2653 multiprotocol communications 
controller (MPCC). In this configuration, you can easily add an 
SCN2653/68653 polynomial-generator/checker chip to handle CRC-12 
and LRC-8 error-detection at the hardware level. 








Keeping your datacomm dialogue secret 






Last September, the National 
Security Agency (NSA) agreed 
not only to be responsible for 
the security of data communica- 
tions for the Department of De- 
fense, but also for datacomm 
links of all other federal agencies 
as well. Along with this initia- 
tive, the NSA plans to help 
members of the private sector, 
including the semiconductor in- 
dustry, protect those datacomm 
links that involve unclassified 
national-security-related 
(UNSR) information from both 
political and industrial espio- 
nage. 

Since the 1970s, most coded 
data exchanges have used the 
Data Encryption Standard 
(DES), developed jointly by IBM 
and the National Bureau of 
Standards. Instead of expanding 
upon the DES, the NSA, in its 
Directive #145, plans to super- 
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sede DES protocols with a new 
standard that incorporates spe- 
cialized key-variable code-gen- 
erating algorithms. The aim of 
these algorithms is to create 
nearly tamper-proof datacomm 
ICs. A restricted number of se- 
lected chip manufacturers will 
be given access to the coded al- 
gorithms. 


Chip for proposed code 


Harris Corp has created the 
first commercially available chip, 
the CMOS HS3447 Cypher-I 
data-encryption device (DED) 
that converts parallel data to an 
encrypted serial stream and vice 
versa in accordance with NSA 
encryption protocols. Operating 
at data rates as high as 20M 
bps, the Harris DED chip runs 
considerably faster than stan- 
dard DES ICs, like AT&T’s 
T7000 data-encryption processor, 





which generates encoded charac- 
ters at a maximum throughput 
rate of 4.7M bps. 

The HS3447 encrypts plain- 
text messages using NSA’s key- 
variable protocol. For enhanced 
security, the key variable stored 
on chip is not externally accessi- 
ble. The DED also handles deci- 
phering of the coded text. The 
HS3447 comes in a 16-pin DIP 
and operates from a single 5V 
supply over the —55 to + 125°C 
military temperature range. 

Harris will not ship this part 
until you receive NSA approval 
for your project. When you get 
approval, Harris will ship parts 
within six to eight weeks. Pric- 
ing for the HS3447 military ver- 
sion is $215; for the commercial 
version, $163 (50). Larger OEM- 
quantity pricing is available 
upon request. 











Even tf you’re only concerned with commu- 
nications at the personal-computer level, 
you may find that an advanced multiproto- 
col chip 1s called for. 





rates and short-circuit protection for Rx and Tx pins. 
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Word lengths, stop bits, parity detection, interrupts, and 15 baud 
rates—these are some of the programmable elements of Gould/AMI'’s 
CMOS S65C51 asynchronous communications interface adapter. 
The part is interchangeable with Mitel’s MD-65C51 and Rockwell’s 
R65C51 ACIAs. 
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variety of synchronous formats, including XDLC and 
bisyne. Western Digital’s WD2511 packet-network in- 
terface IC is a dual-channel device that supports X.25 
LAPB protocols, among others. It comes in a 48-pin 
DIP. Zilog’s Z8440 serial-I/O controller handles X.25 
protocols, provides CRC error correction, and works 
with the company’s Z80 wP. 


Take the custom route 


An alternative to using standard peripheral ICs is to 
customize your datacomm-protocol designs. The latest 
generation of application-specific ICs (ASICs) includes 
devices fabricated specifically for datacomm-protocol 
interfaces. For example, Cirrus Logic provides data- 
comm chips with ASIC features at costs comparable to 
those of standard ICs. The company’s semistandard 
DCOM-130 multichannel universal synchronous/asyn- 
chronous receiver/transmitter (MUSART) chip handles 
asynchronous character-oriented protocols and packet- 
switching synchronous protocols such as_ bisynce, 
XDLC, or S/S (see box, “MUSART can customize your 
datacomm language”). 

The multiprotocol ICs discussed thus far all support 
the X.25 protocol, but other synchronous datacomm 
formats are also popular in computer data links employ- 
ing packet-switching protocols. If you’re working with 
a specific synchronous protocol and won’t require X.25 
support, you can use a chip designed specifically for 
that protocol. For example, IBM systems generally 
incorporate the XDLC format in their serial links. For 
datacomm designs in this realm, Intel makes the 8273 
HDLC/SDLC protocol controller, which can handle 
synchronous data transfers at speeds as high as 64k 
baud. The 8273 operates from a single 5V supply, comes 
in a 40-pin DIP, and sells for $25 (1000). 

Functionally compatible but not pin compatible with 
the 8273 is Western Digital’s WD1935 HDLC/SDLC 
controller, which can directly drive TTL peripheral 
circuitry. Because it features double data buffering and 
a complete set of modem-control signals, the WD1935 is 
useful in systems employing serial communications 
links between widely dispersed devices. 


Asynchronous systems are still viable 


Barry Barrett, engineering manager for National 
Semiconductor’s NSC-800 peripheral ICs, believes that 
IBM will eventually push the industry toward some 
form of synchronous XDLC protocol, and he also says 
that CCITT and IEEE will be instrumental in setting 
the final standards. Yet despite the gradual shift among 
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system specifiers toward synchronous multipoint net- 
works, asynchronous point-to-point and timesharing 
systems are still common, comply with accepted proto- 
col standards, and are relatively inexpensive to 
construct. 

Consequently, you should still give careful considera- 
tion to the wide selection of programmable character- 
switching UARTs and USARTs when evaluating a 
design for a datacomm link. Such standard UARTs are 
available from Fujitsu, Gould/AMI, National Semicon- 
ductor, Harris, Standard Microsystems, Western Dig- 
ital, and others (Table 1). 

National’s NMOS INS8250A octal UART, for exam- 


ple, is still extensively used as an asynchronous commu- 
nications component of the IBM PC/XT and compatible 
PCs, according to Barrett. The $8 (100) chip provides 
read/write registers and double buffering. National 
also makes the $10.70 (100) INS16450 UART for IBM 
PC/AT serial datacomm channels. 

The conventional UART is now appearing in CMOS 
versions. Last October, Harris Corp introduced its 
82C50A, a low-power CMOS version of the NMOS 8250. 
The Harris part consumes 1 mA/MHz, which translates 
into a 90% power reduction compared with the NMOS 
device. The company’s commercial versions, the 
CP82C50A-5 (plastic DIP) and the CS82C50A-5 


Text continued on pg 112 


TABLE 1—REPRESENTATIVE SINGLE-CHANNEL, FULL-DUPLEX UARTs 
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} | 


















































SUPPLY MAXIMUM | 
| VOLTAGE | DATA RATE CHIP PROGRAMMED | ERROR COUNTER/ 
MANUFACTURER MODEL (VTYP) | (BAUD) | PROCESS PACKAGE | INTERRUPTS | FLAGS  TIMER(S) COMMENTS 
FUJITSU. MB8868A 5 | 50k = NMOS — 40-PIN | NO YES AUTO START BIT: 
DIP AUTO CLOCK/DATA 
_ oo. | SYNC 
GENERAL “AY5-1013 +5/-12  40k_~=—=|s «NMOS 40-PIN NO AUTO START BIT; 
INSTRUMENT | | | DIP AUTO CLOCK/DATA 
| | SYNC 
eae oe - 
GOULD/AMI $1602 50k AUTO START BIT; 
| AUTO CLOCK/DATA 
tt op SYNC 
HARRIS | HD-6402 1M AUTO START BIT; 
AUTO CLOCK/DATA 
| SYNG 
INTEL | 8256AH 5 1M NMOS  40-PIN YES= 8-BIT PROGRAM.» 
DIP MABLE /O PORTS 
MODULAR | Mees | 5 | «250k | MOS | 2aniN LOW-POWER 
SEMICONDUCTOR 88C691__ DIP, _ STANDBY MODE; 
| 26-PIN 1 *“ SECOND SOURCE 
| | PLCC | FOR SIGNETICS 
| oo | i . SCC2691 
/MS82C50A S| Sek CMOS | 40-PIN YES NO NO _ SECOND SOURCE 
/MS16C450 | OF - | | FOR NATIONAL 
| 44-PIN 82C50A, 
PLCC 16C450 
NATIONAL INS8250A/ 56k NMOS/ | 40-PIN YES ACCESSIBLE 
SEMICONDUCTOR  82C50A CMOS DIP. REGISTERS; 
INS16450/ | 44-PIN INTERNAL 
16C450 | PLCC DIAGNOSTICS; 
| MODEM-CONTROL 
PINS 
a a Ae 
SIGNETICS SCC2691 6 | 384k CMOS _ 24-PIN YES SEVEN MASKABLE 
| DIP, INTERRUPT 
26-PIN CONDITIONS 
ee ls bo ee pice. |: | : 
STANDARD COM1863 5” 62.5k CMOS | 40-PIN | NO AUTO START BIT; 
MICROSYSTEMS | l DIP AUTO CLOCK/DATA 
| SYNC 
Saal Raewonne oe Sc 9 ee Geo cea 
TEXAS |TMS-6011 | +5/-12 | 125k | NMOS | 40-PIN NO AUTO START BIT; 
INSTRUMENTS | DIP | AUTO CLOCK/DATA 
caxpanamneneenescsmmnvceeenteterenteetnatttste stb Lestat teen CNT ee eNenttte Ln 1. seciiinmeesconsteat : é scecinntaeiit | SYNC 
WESTERN Trises | 5 | 625k NMOS _ 40-PIN NO YES | NO AUTO START BIT/ 
DIGITAL | DIP | | AUTO CLOCK/DATA 
| SYNC 
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MUSART can customize your datacomm language 
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Because costs for conventional 
development of digital hardware 
using standard glue-logic parts 
have increased noticeably over 
the past few years, designers of 
communications equipment have 
shown increasing interest in ap- 
plications-specific ICs (ASICs). 
Nevertheless, interfaces with 
older designs using previous- 
generation technology have kept 
standard digital ICs in the de- 
signer’s notebook. In response 
to demands by designers to 
maintain compatibility with 
older designs, more and more 
ASIC manufacturers are provid- 
ing lines of standard or semi- 
standard ICs to supplement 
their full-custom or semicustom 
ASICs. 

Unlike semicustom ASICs, 
semistandard ICs have prede- 
fined functional blocks similar to 
those found in standard ICs. The 
“semi” in “semistandard” refers 
to the optional features such ICs 
provide. For instance, semi- 
standard datacomm ICs have 
such predefined functional blocks 
as internal UARTs and counter/ 
timers and such optional fea- 
tures as DMA interface logic. 


Semistandard trend gaining 


The trend toward providing 
semistandard ICs has been gain- 
ing popularity within the data- 
comm IC field because many de- 
signers prefer to draw upon 
well-defined functional circuits 
like UARTs rather than fabri- 
cate an entire ASIC from basic 
semicustom elements like gates 


and flip-flops. One example of a 
semistandard datacomm IC is 
the multichannel universal syn- 
chronous/asynchronous receiver/ 
transmitter (MUSART) from 
Cirrus Logic (Fig A). This IC 
allows both chip- and system-de- 
sign engineers to cope with the 
requirements of datacomm mul- 
tichannel serial I/O interfaces, 
especially for PC peripherals. 

The company’s DCOM-130, 
also called the Musketeer (multi- 
user system keyboard enhanced 
receiver/transmitter), is a spe- 
cialized version of the 
MUSART. The Musketeer was 
developed to handle typical PC 
datacomm links, such as key- 
board and printer interfaces, 
and to provide other options. 

These options include four 
multiprotocol ports, all of which 
can be ASCII-type (RS-232C) 
ports and two of which can be 
ports for synchronous protocols 
like SNA-XDLC. By combining 
these channels on a single chip, 
the DCOM-130 takes the place of 
a quad-channel USART and a 
DMA controller. At the same 
time, other options permit adap- 
tation to a particular wP inter- 
face. Systems access bisyne 
ports on the Musketeer via the 
part’s integral DMA controller, 
memory management unit, and 
internal FIFO buffers. You can 
allocate as many as eight count- 
er/timers to the four serial chan- 
nels to perform multiprotocol 
functions. 

The degree of customization 
allowed with the Musketeer ex- 


tends to such features as trans- 
mit and receive FIFOs, channel- 
priority encoding, and the I/O 
pins for each channel. The chip’s 
internal interrupt structure and 
DMA control circuitry allows 
concurrent handling of synchro- 
nous and asynchronous data- 
comm protocols. 


Shorten your design cycle 


Obviously, one virtue of the 
semistandard approach is re- 
duced design time. To help keep 
development times to a mini- 
mum, Cirrus Logic provides de- 
signers with its proprietary 
ASIC silicon compiler. You can 
expect about 16 to 20 weeks for 
first silicon on a design using the 
DCOM-130. Additional options 
require longer turnaround times. 
Pricing for the DCOM-130 varies 
from $25 to $35 (1000), including 
amortization of the NRE charge. 
The cost depends upon the ex- 
tent of your performance specs, 
like operating speed and power 
consumption. 

For applications that require 
full RS-282C control pinouts, 
Cirrus furnishes MUSART chips 
in 84-pin plastic leadless chip 
carriers (PLCCs). For simpler 
designs, the MUSART can also 
be packaged in a 68-pin PLCC. 
Other packaging is available 
upon request. 
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Fig A—With dual on-chip USRTs and UARTs, the multiprotocol DCOM-130 Musketeer ASIC from Cirrus Logic allows designers to 
customize features such as Tx and Rx FIFOs, channel priority encoding, and separate I/O pins for each serial channel. 


EDN April 3, 1986 111 








An alternative to using standard peripher- 
al ICs 1s to customize your datacomm pro- 
tocol designs. 





(PLCC), incorporate a 10-MHz clock and operate over 0 
to 70°C. The 40-pin DIP version costs $10.81, and the 
44-pin PLCC version sells for $14.05 (100). Harris also 
offers a military version of the device, the MD82C50A- 
0/B, in a 40-pin ceramic DIP. The device operates over 
—5d to +125°C and costs $69.55 (100). 

To help simplify multiport datacomm designs—to 
save board space, for example, or to realize full-duplex 
transmission without synchronizing two separate 
UARTs—you can move up to dual UARTs (DUARTs). 
For designs incorporating Z80 Ps, you can use Zilog’s 
Z8470 dual asynchronous receiver/transmitter (DART). 
Yet another dual-port datacomm chip is Signetics’s 
SCN2681/68681 DUART, which features programma- 
ble bit rates, internal 16-bit counter/timers, and multi- 
function channel modes. The 40-pin DIP and PLCC 
versions cost $4 (1000). Modular Semiconductor sup- 
plies a high-speed, CMOS pin-compatible version of the 
Signetics/Motorola -681 DUART, the MS88/68C681, 
which handles data rates as high as 2M bps. 

Many of the new asynchronous devices are buffered 
and software programmable, which can help you simpli- 
fy designs and provide you with greater control. For 
instance, the SCN2661/68661 enhanced programmable 
communications interface (EPCI) from Signetics has 
double-buffered transmitter and receiver connections 
and furnishes asynchronous and synchronous interfaces 
to intelligent terminals, front-end processors, and 
bisyne adapters. It functions very much like a bisyne 
USART and transmits data at 1M bps. The EPCI 
operates from a single 5V supply, is available in 24- or 





‘s 


Designed to work with members of the 68000 »P family, Rockwell 
International’s R68560/1 programmable multiprotocol communica- 
tions controller ICs can handle full-duplex asynchronous, bit-syn- 
chronous, or byte-synchronous data exchanges using polled, inter- 
rupt-driven, and 2-channel DMA transfers. 
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28-pin DIPs or 26-pin PLCCs, and costs $2.50 (1000). 
Another device in this category is an enhanced 
USART, the UC1671 Astro (asynchronous/synchronous 
transmitter/receiver) from Western Digital. The 
UC1671 can operate on a multiplexed data-bus 
structure. 

Designs requiring more complex asynchronous data 
transfers between 8-bit wPs over bidirectional bus- 
organized systems can benefit from the use of ACIAs. 
One such device is Harris’s CMOS HD-6406 program- 
mable ACIA. The -6406 handles both DMA and modem 
handshaking functions on chip. The part dissipates only 
100 mW, includes a 16-MHz clock, operates from a 
single 5V supply, and allows software selection of 72 
different data rates. It comes in a 40-pin plastic DIP 
and costs $15.56 (100). Functionally similar to the -6406 
is Harris’s CMOS CP82C82 serial controller interface, 
which includes an on-chip 1M-baud UART, a bit-rate 
generator, line-break detection, and loop-back and 
auto-echo modes. Supplied in a 28-pin plastic DIP, the 
CP82C52 sells for $138.50 (100). 


CMOS incarnations of existing ASICs 


Last July, Gould/AMI introduced a pin-compatible 
CMOS version of its NMOS S6551 ACIA, the S65C51 
(Mitel is a second source with its MD-65C51). The 
S65C51 features software-programmable word lengths, 
bit rates, interrupt control, and status registers. Oper- 
ating from a single 5V supply, the S65C51 comes in a 
28-pin package and draws only 2 mA/MHz of clock 
frequency. The price is $3.75 for the plastic-DIP ver- 





These CMOS datacomm-protocol devices, Harris’s 82C52 serial 
controller interface and HD-6406 programmable asynchronous com- 
munications interface, contain on-chip bit-rate generators and 1M- 
baud UARTs. Both parts feature a bidirectional data bus, line-break 
generation, and detection with loop-back and auto-echo modes. 
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and ready for duty. 
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Now! These 100 MHz scopes 
have been tested and approved 
to meet rigorous U.S. Navy and 
Army requirements. Specify them 
into systems you provide to the mill- 
tary —or use them to confidently 
test your own systems. Either 

way, you get Tek quality and save 
money, time and paperwork 
because the documentations 
already done. 

The 2335 Option 1R and fully 
provisioned 2336YA: the most 
abuse-resistant scopes ever 
made. They feature 50 Gs shock 
resistance, plus our highest 
electromagnetic compatibility 
(MIL-STD-461B, Part 2) and rugged 


Copyright © 1985, Tektronix, Inc. All rights reserved. #TNA-528. 


construction per MIL-T-28800C, 
Class 3. Both scopes have passed 
the shipboard vibration test as 
specified in MIL-STD-167-1 and 
are specified in MIL-STD-1364 
(GPETE). The 2335 Option 1R—for 
rackmount applications —has also 
passed the stringent MIL-S-901C 
shock test (hammer drop test). 
With both scopes you get an 
extensive feature set in an 
ultra-durable, 17-pound pack- 
age... proof that sensitive instru- 
ments don't have to be delicate. 
The 2235 Option 01: a perform- 
ance/price standard at 100 MHz. 
Simplified internal design keeps 
costs low, reliability high. The fully 
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provisioned 2235 Option 01 meets 
MIL-T-28800C, Class 5 require- 
ments, plus those of MIL-STD-461B, 
Part 4, for EMC. 

Each scope is backed by Teks 
3-year warranty,“ documentation 
and worldwide service support. 

Let the results of U.S. Navy 
and Army testing guide your next 
scope purchase decision. 
Contact your Tek Sales Engineer 
to specify the 2335 Option 1R, 
2336YA or 2235 Option 01. Or call 
the Tek National Marketing Center 
toll-free for information or literature, 
1-800-426-2200. 


*3-year warranty includes CRT. Excludes probes. 
Scopes are UL Listed, CSA and VDE approved. 


Tektronb< 


COMMITTED TO EXCELLENCE 





Synchronous datacomm formats besides 
X.25 are popular with computer data links 
employing packet-switching protocols. 


sion and $3.95 (1000) for the PLCC version. 

A chip that’s functionally similar to the S65C51 is 
Hitachi’s programmable CMOS ACIA, the HD6350, for 
use with 6800 Ps. It’s compatible with the company’s 
NMOS HD6850 and Motorola’s MC6850 ACIAs. For 
multiport ~P interfaces, Rockwell makes two CMOS 
dual ACIAs, each with buffered receivers and transmit- 
ters. The R65C52 and the R68C552 chips are program- 
mable and come in 40-pin plastic or ceramic DIPs. 
Plastic-DIP versions of the R65C52 and the R68C552 
cost $7.30 and $8.05 (1000), respectively. EDN 


Reference 


1. Sterk, Don, “Full-duplex support on mainframes,” Use- 
nx Technical Conference Proceedings, January 1986, pg 165. 





To accommodate programmable multiport datacomm designs, you : : ' 
can daisy-chain Intel’s HMOS 8274 multiprotocol serial controller Article Interest Quotient (Circle One) 
for vectored-interrupt operation with 8088/86 Ps. High 470 Medium 471 Low 472 









Manufacturers of datacomm protocol ICs : 
For more information on the datacomm protocol ICs such as those described in this article, circle the appropriate 
numbers on the Information Retrieval Service card or contact the following manufacturers directly. 







AT&T Technologies _ Hitachi America Ltd . - National Semiconductor Corp Standard Microsystems 
















Room 2WC-106 2210 O’Toole Ave 2900 Semiconductor Dr 35 Marcus Blvd 
1 Oak Way | San Jose, CA 95131 Santa Clara, CA 95051 - Hauppauge, NY 11788 
Berkeley Heights, NJ 07922 (408) 942-1500 (408) 721-5000 (516) 273-3100 
(800) 372-2447 : Circle No 714 - Cirele No 719 Circle No 723 
Circle No 709 — . 

Intel Corp ss NEC Electronics : Western Digital Corp 
Cirrus Logic Inc 1900 Prairie City Rd 401 Ellis St : 2445 McCabe Way 
1463 Centre Pointe Dr Folsom, CA 95630 Mountain View, CA 94043 Irvine, CA 92714 
Milpitas, CA (916) 351-5000 (415) 960-6000 (714) 868-0102 
(408) 945-8300 Circle No 715 Circle No720 Circle No 724 
Circle No 710 : 

Mitel Semiconductor | Rockwell International Corp Zilog Inc 
Fujitsu Microelectronics Inc Box 13320 Semiconductor Products Div 1315 Dell Ave 
3320 Scott Blvd — Kanata, Ontario 4311 Jamboree Rd Campbell, CA 95008 
Santa Clara, CA 95051 Canada K2K 1X5 ~ Newport Beach, CA 92658 (408) 370-8000 
(408) 727-1700 (613) 592-5630 (714) 883-4700 Circle No 725 
Circle No 711 Circle No 716 Circle No 721 










Gould/AMI Semiconductors Modular Semiconductor Inc Signetics Corp 












3800 Homestead Rd 2334-G Walsh Ave Box 3409 

Santa Clara, CA 95051 Santa Clara, CA 95051 Sunnyvale, CA 94088 
(408) 246-0330 (408) 748-1501 (408) 739-7700 
Circle No 712 Circle No 717 Circle No 722 
Harris Corp, CICD Motorola Inc 

Box 883 Microprocessor Div 

Melbourne, FL 32901 3501 Ed Bluestein Blvd 

(305) 724-7800 Austin, TX 78762 

Circle No 713 (512) 928-6141 - 





Circle No 718 
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"THIN 
MULTIBUS* SINGLE BOARD + dete with 256K or 512K RAM. 


Expandable to.. 


Featuring Motorola’s 16/32 bit, 12.5 
MHz 68000 with four multi-protocol 
serial ports. 


This is a powerful single board computer 
designed for your high performance, 
interactive applications like engineering 
work stations and graphic systems. 


You will also find it ideal for real time 
applications, such as process control and 
simulators, because of its multi-tasking, 
multi-user capabilities and high speed. 


In addition, the OB68K/MSBC1 enables 
you to add important optional and semi- 
custom features quickly and easily. 


Look at these features: 
e Motorola’s 16/32 bit, 12.5MHz 


A Look at Today. 
yNaVAKyle)ame) in (evarreyanelie 


MC68000 is standard. The 1OMHz 
68000, 10MHz 68010 and future, 
higher speed 68010’s are optional. 


256K or 512K bytes (512K version 
shown) of dual ported, zero wait state 
RAM with parity is implemented by us- 
ing compact, inexpensive and fast 64K 
SIP (single inline package) technology. 
MB or 2MB will be future options. 

(4) multiprotocol RS232C ports are 
provided by (2) 68564 DUSART 
chips. Asynchronous and synchronous 
protocols (such as IBM Bisync,X.25, 
HDLC and IBM SDLC) can be 
implemented, with baud rates up to 
1000K BAUD. 

Optional memory management 
implemented through daughter boards. 
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e One iSBX* connector provides the 
capability of adding additional features. 


A variety of software packages, ranging 
from the optional VERSAbug* * monitor/ 
debugger to Realtime executives and 
target operating systems in silicon are 
available to you. 


Omnibyte’s experience in building boards, 
plus our sophisticated design and rigid 
quality control procedures gives you a 
reliable, high performance product at a 
reasonable cost. Our boards are backed 
by our famous 2 year limited warranty. 


Call Peter Czuchra, marketing manager, 
for a free data sheet. Or send $10.00 for 
a detailed technical manual. 





™ OMNIBYTE CORPORATION 
245 W. Roosevelt Rd. 
West Chicago, IL 60185 
(312) 231-6880 
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HEAD START 
PROGRAM. 





Just last October, we 
introduced a 32-bit micro- 
processor with absolutely 
blazing speed. Nearly twice 
the system-level perform- 
ance of any other. 

And now we're shipping 
our MULTIBUS® I and 
MULTIBUS II 386 Design 
Starter Kits. 

So you can get your 





products to market with 
equally blazing speed. 

Whether you re devel- 
oping high performance 
systems at the component 
or board level, these kits 
will give you a six-month 
head start. 

Both provide every- 
thing you need. Including 
a processor board, a full 
32-bit memory board, and 
a software debug monitor 
to link to a host. 

Our MULTIBUS I 
Starter Kit features 
the iSBC* 386/20 terminal 
board. It makes 





upgrading from =—<S&=> 
existing systems le 
easy. Because it’s 
fully compatible 


with the most popular 
bus in the world: MUITT- 
BUS I architecture. And its 
added speed and power 
deliver twice the perform- 
ance of any previous 
MULTIBUS I processor 
board. Due, in large part, 
to the remarkable speed 
of the 80386. Plus the 
efficiency of a 32-bit local 
path to memory, And the 
turbo-charging of an on- 
board math coprocessor. 

For an even greater 
leap in system perform- 
ance, get going with our 
MULTIBUS I Starter Kit. Its 
iSBC 386/100 board also 
utilizes the compatibility 
features of the 80386. 

But coupled with the 
advanced multiprocessing 


© 1986 Intel Corporation 
*XENIX is a trademark of Microsoft Corp. 


Getting Started With the 586 
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Host System 


capability of MULTIBUS 
II architecture, it gives 
you all the power of a 
mainframe. While main- 
taining access to hundreds 
of standard offthe-shelf 
board level products. 
Both MULTIBUS I and 
MULTIBUS II boards have 
up to 16 MB of local 
memory, Plus a large on- 
board cache for zero 
wait-state memory-to- 
processor transfer. 
Multibus I 
386/20 Starter Kit 


or Multibus I 
386/100 Design Kit 


Loy 


Target System 


System 286/310 
Running XENIX* 286 | 












And both boards are 
supported by all the devel- 
opment tools you need 
to get to market fast. 

Like an assembler, 
PL/M and C compilers, lots 
of utilities and the PSCOPE 
Monitor 386 debugger. 
All of which are available 
right now 

So why not get started 
now? 

For more information, 
you can call toll-free (800 ) 
538-1876. Or write Intel 
Corporation, Lit. Dept. 
W275, 3065 Bowers Ave., 
Santa Clara, CA 95051. 

Do it now And get a 
head start on your 
competition. 


intel 
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EASY AS IBC 


Advanced VME 


industrial I/O capability 


VMEbus 







INTELLIGENT BASE | 
CARD (IBC)-A/D © 

On-Board Software 

Models AVME 9100, 9110 






DIGITAL 1/0 
Model AVME 9480 


FUTURE 






HIGH-LEVEL 
ANALOG INPUTS 


Models ECS 9120, 9121 






LOW-LEVEL 
ANALOG INPUTS 
Millivolt- 


Thermocouple 
Model ECS 9142 






9143,9144 






T E R M IN 





HIGH LEVEL SERIES 1800 RTD 
Standard Model 6920 1/0 Input System 100 ohms (plat. /cu.) 
Filtered Model 6921 (Isolated) 10 ohms (cu.) 

Process Currents Differential 
Frequency Models 6950, 6951 
Strain Gauge 

AC Voltage /Current 

OC Voltage 


Pressure 
Pot/Slidewire 


VME-Industrial I/O signal interfac- 
ing is now a simple matter of 
“putting it on the bus.’ Thanks to 
Acromag’s analog and digital 
cards and termination products 
for interfacing real world I/O 
signals. 

Field inputs such as thermo- 
couple, RTD, voltage, frequency, 
Strain gauge, pneumatic and 
many others are directly inter- 
faced via screw type termination 
products and |/O cards to the 
VMEbus—as easy as IBC. 

The Analog Intelligent Base Card (IBC) simplifies the 
problem by forming an intelligent base for the analog subsys- 
tem collecting and conditioning up to 256 analog signals and 
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Acromag, Inc. © 30765 Wixom Rd. « Wixom, MI 48096 
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DIGITAL PULSE 





Model AVME 9460 


| ANALOG INPUTS 
Models ECS 9130, 











FUTURE DIGITAL 
& ANALOG 
Models AVME 9500, 


9600 & 9700, 9220, 
9230 & 9300 






1/0 

























MILLIVOLT/ PNEUMATIC DIGITAL 1/0 ee ne lege 
THERMOCOUPLE 0-15 PSI Logic Level 
- Seven Types of T.C.s 0-30 PSI Solid State Relays ae Level 
(J, K, TS. R, E & B) 0-100 PSI Control Relays Model 6980 


Models 6955, 
6956, 6957 


Model 6947 Model 6980 


storing all in dual port RAM mem- 
ory. The IBC and analog I/O cards 
provide for 14-bit A/D conversion, 
amplification, isolation, scaling, 
linearization and limit checking. 
The IBC card also has a local 
serial port for calibration, diagnos- 
tics and configuration. 

And digital |1/O? Of course... 
provided for by a 64 channel 30 
volt bi-directional I/O card with or 
without relay field interfaces us- 
ing a variety of screw type termi- 
nation panels. 

Acromag's VME cards and termination products provide 
the broadest industrial I/O capability available. All to make 
solutions to your industrial I/O needs as easy as IBC. 


' e an > @ & =e & & & 
’ malclulaare tice 





To find out more about Acromag’s VME 
Industrial I/O capability and commitment 
write for Bulletin 20-000.0. Or for immediate 
help call our telemarketing department at 
1-800-ACROMAG or (313) 624-1541. 
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ICs simplity 
design of single- 


sideband receivers 








Single-sideband transmission has served 
well for decades in radio and telephone sys- 
tems. Unfortunately, cost considerations 
have historically limited tts use to only the 
most demanding applications. Today, state- 
of-the-art ICs allow you to desygn low-cost 
SSB receivers that perform as well as thew 
expensive predecessors. 





Robert J Zavrel, Signetics Corp 


Single-sideband (SSB) transmission offers many advan- 
tages over FM and full-carrier double-sideband modu- 
lation schemes—more efficient spectrum use, better 
signal-to-noise ratios at low signal levels, and better 
transmitter efficiency. Unfortunately, SSB systems 
have historically required the use of expensive 
multipole filters. Today, however, some new RF and 
digital ICs allow you to circumvent the need for these 
filters. You can use these ICs to good advantage in 
developing a cost-effective SSB receiver. 

Good SSB-receiver design requires that you know a 
little about the three basic methods of single-sideband 
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generation. All three methods use a balanced modula- 
tor to produce a double-sideband, suppressed-carrier 
signal. The undesired sideband is then removed by 
high-Q multipole filters (the filter method), by phase 
and amplitude nulling (the phasing method), or by the 
Weaver method. The reciprocal of the generator func- 
tions is used to develop sideband detectors. 

Generators accept audio inputs and produce the SSB 
signal; detectors receive the SSB signal and reproduce 
the audio signal. The sideband signal is typically in the 
radio-frequency (RF) range, so you can amplify it and 
apply it to an antenna or use it as a subcarrier. It’s 
worth noting that all three methods of removing a 
sideband are complementary; an SSB signal produced 
by the Weaver method can be reproduced by the 
phasing method, etc. 

In a generation and detection technique using the 
traditional filter method, the generator (Fig la) pro- 
duces a double-sideband signal, and the balanced modu- 
lator nulls the carrier. A high-Q crystal-type bandpass 
filter then removes the undesired sideband. The trans- 
mit mixer then converts the SSB signal to the desired 
output frequency. 

The detection scheme (Fig 1b) simply reverses the 
operation. A receive mixer converts the input frequen- 
cy to the intermediate frequency (IF). The filter has a 
narrow response and passes only the required SSB 
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Single-sideband transmission offers many 
advantages over FM and full-carrier, dou- 
ble-sideband modulation schemes. 





bandwidth. The product detector demodulates the 
signal. 

This SSB signal-generation method has one major 
drawback. The filter is tuned to one fixed frequency. As 
a result, you'll need to incorporate a number of transmit 
and receive mixers to satisfy applications involving 
multifrequency operation. 


Phasing method not suited to voice band 


Fig 2 shows block diagrams of generator and detec- 
tor circuits for implementing the phasing method. In 
the detector (Fig 2a), the input signal feeds in phase to 
two RF mixers. A local oscillator (LO) supplies a second 
signal to the mixers in quadrature. Summing the differ- 
entiated output of one of the mixers with the output of 
the second mixer produces an audio output. 

In most cases, the mixers will have an output in the 
audio passband (300 to 3000 Hz). Running the passband 
through the differentiator circuit imposes a 90° phase 
shift over more than three octaves. As a result, it’s 
quite difficult to use the phasing method for voice-band 
SSB applications. 

The phasing method employs a generator (Fig 2b) 
that duplicates the circuit elements found in the detec- 


DOUBLE-SIDEBAND 
SUPPRESSED CARRIER 


SINGLE-SIDEBAND 
SUPPRESSED CARRIER 









F) RF SSB 
OUTPUT 
BALANCED TRANSMIT 
MODULATOR MIXER 
C) ® 
MODULATOR LO TRANSMIT LO 
(a) 
PRODUCT 
RF SSB_ FIRST MIXER DETECTOR 
INPUT 
\ 7 AUDIO 
OUTPUT 


PRODUCT- 
DETECTOR LO 


RECEIVE LO 
(b) 


Fig I—In the traditional filter method, the generator (a) produces 
a double-sideband signal, and the balanced modulator nulls the 
carrier. The detector (b) simply reverses the generation procedure to 
develop the audio output. 
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tor. Note that in the generator, the differentiator 
(phase shifter) is located between the audio input and 
the mixer. In the generator circuit, a divide-by-4 flip- 
flop provides the sin(yt) and cos(yt) signals for the 
mixer. As a result, the clock signal’s frequency must be 
four times the RF output frequency. 


Versatility in datacomm systems 


You can use the phasing method for FSK, PSK, and 
quadrature-PSK datacomm systems. In an FSK situa- 
tion, for example, you can alternately key two discrete 
frequencies to correspond to ones and zeros. By tuning 
the receiver at the halfway point, you can let these two 
frequencies represent the upper- and lower-sideband 
signals. When you implement rectification and filter- 
ing, you can use the simultaneous upper/lower-sideband 
detection concept to drive both clock inputs of a flip- 
flop. This type of FSK receiver can exhibit better 
sensitivity characteristics than traditional FM receiv- 
ers. In addition, the scheme uses discrete frequencies, 
so you will not have to employ a broadband phase 
shifter; simple discrete RC networks will suffice. 

The Weaver method (Fig 3) eliminates the difficulty 
of having to maintain an accurate broadband phase shift 
in voice communications systems. A derivation of the 
phasing technique, the Weaver method does require 
more circuit elements (four mixers as opposed to two, 
for example) in both the generator (Fig 3a) and the 
detector (Fig 3b). 


Low-frequency subcarrier vs phase shift 


The basic difference between the two schemes is that 
the Weaver method uses a low-frequency (1.8-kHz) 
subcarrier in quadrature, rather than a broadband, 90° 
audio phase shift. The desired sideband folds over the 
1.8-kHz subcarrier, and its energy appears between 0 
and 1.5 kHz. The undesired energy appears at least 600 
Hz away (above 2.1 kHz). As a consequence, you can 
reject the undesired sideband with a simple lowpass 
filter. 

It’s much easier to design a filter with a steep 
lowpass response than it is to achieve the accurate 
phase and amplitude balance that the phasing method 
requires. As a result, the Weaver method will have 
much better sideband rejection than that obtainable 
with the phasing method. 

Once you’ve chosen the manner in which you wish to 
develop the SSB signal, you’re ready to add the other 
circuits that help complete an SSB receiver. You’ll need 
quadrature-dual-mixer circuits for the first stage when 
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SUMMING 
AMPLIFIER 


SIN(x+y)t—SIN(x-y)t 


COS(x+y)t+COS(x+y)t a —SIN(x+y)t—SIN(x—y)t 


90° PHASE SHIFTER 
(DIFFERENTIATOR) 


CLOCK 
SIN(4yt) O 


4 


DUAL 
FLIP-FLOP OUTPUT 


SUMMING 
AMPLIFIER 





Fig 2—The input signal feeds in phase to two RF mixers in the phasing-method detector (a). A local oscillator (LO) supplies a second signal 
to the mixers in quadrature. In the generator (b), a divide-by-4 flip-flop provides the sin(yt) and cos(yt) signals for the mixer. 


RF LO OFFSET 
7.2 kHz FROM 
7.2-kHz LO 1.8-kHz RECEIVED SIGNAL 
LOWPASS FILTER 


Poe 


DUAL RF SSB 
FLIP-FLOP OUTPUT 


SUMMING 
AMPLIFIER 


LOWPASS FILTER 


RF LO OFFSET 
7.2 kHz FROM 


RECEIVED SIGNAL 1.8-kHz 7.2-kHz LO 


LOWPASS FILTER 


SUMMING 
AMPLIFIER 


DUAL DUAL 
FLIP-FLOP ' FLIP-FLOP 


LOWPASS FILTER 


Fig 3—There’s no need to maintain accurate phase shift when using the Weaver method in voice systems. It does require more circuit 
elements than the phasing method—four mixers in both the generator (a) and the detector (b), for example. 
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Generators receive an audi signal and 
produce an SSB signal; detectors receive the 
SSB signal and reproduce the audio signal. 





CLOCK INPUT 
(4x OUTPUT FREQUENCY) 


PHASE 
DETECTOR 


FILTER 


SIN(ut) 





Fig 4—You need quadrature dual mixers whether you're using the 
phasing or the Weaver method. The mixer in a maintains good phase 
integrity at clock rates ranging to several megahertz. Clock and 
operating frequencies are equal in the mixer circuit (b), which marks 
an advantage over the flip-flop design. 


500 

SIGNAL SOURCE 
0 dBm 

0 TO 120 MHz 





Fig 5—You can effectively drive the 74F74 and other TTL gates with 
the circuit shown in a. The total resistance in the interface circuit (b) 
establishes a conservative current drain ( approximately 10 mA) 
from the 74F74, and the divider tap optimizes NE602 operation. 


122 


using the Weaver method. Fig 4 illustrates two meth- 
ods of obtaining quadrature LO signals for dual-mixer 
applications. Both circuits are inherently broadband 
circuits; they are far more flexible than designs using 
passive LC circuits (which fail to maintain a quadrature 
relationship when the operating frequency changes), 
and they do not require adjustments. In addition, the 
circuits shown in Fig 4 are not limited to SSB applica- 
tions; you can also apply them in FSK, PSK, and 
quadrature-PSK digital communications systems. 

In Fig 4a’s circuit, a divide-by-4 dual flip-flop gene- 
rates all four quadrature signals. Most of the popular 
dual flip-flops will work in this circuit; the choice 
depends on the application. This example employs the 
HEF4013 CMOS device, which consumes little power 
and maintains excellent phase integrity at clock rates 
ranging to several megahertz. As a result, it will work 
quite well at the ubiquitous 455-kHz intermediate fre- 
quency. 

For higher clock rates (to 120 MHz), the fast-TTL 
74F74 is a good choice for the flip-flop. Tests on this 
device at 30-MHz operating frequencies show good 
results—greater than 20-dB SSB rejection. At frequen- 
cies in the neighborhood of 5 MHz, use of the 74F 74 will 
result in sideband rejection of nearly 40 dB. The 
ultimate low-frequency rejection is mainly a function of 
the audio phase shifter. You can improve performance 
by employing resistors and capacitors with tighter 
tolerances in the phase shifter. 


Match clock and operating frequencies 


The circuit shown in Fig 4b illustrates a different 
technique for producing a broadband quadrature phase 
shift for the LO. In this case, the clock and operating 
frequencies are identical—an advantage when com- 
pared with the flip-flop circuit, because you don’t need 


_ the high-speed components. Phase accuracy, however, 


is more difficult to achieve. 

A phase-locked loop (PLL) will maintain a quadra- 
ture phase relationship when the loop is closed and the 
VCO voltage is 0V. The de amplifier enhances the 
accuracy of the quadrature output by providing gain for 
the VCO control circuit. PLL circuits tend to be noisy, 
however, and noise can be a problem. Sideband noise is 
troublesome in both SSB and FM systems, but SSB 
transmission is less sensitive than frequency modula- 
tion to phase noise in the LO. 

After developing the LO signals, you have to provide 
some drive circuitry. The circuit shown in Fig 5a 
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Fig 6—You can reliably obtain 35-dB rejection levels using this circuit in direct-conversion applications. Add an inexpensive 2-pole crystal 
or ceramic filter and you will realize the required 70-dB sideband rejection levels. 
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You can use the phasing method of SSB 
signal generation in FSK, PSK, and 
quadrature-PSK datacomm systems. 





provides an effective means of driving the 74F74 (or 
other TTL gates) with an analog LO. Assuming you’re 
using 500 input and output impedances, the NE5205 
amplifier provides approximately 20 dB of gain from de 
to 450 MHz. 

External-component requirements are minimal. The 
1-kQ value of the resistor is about optimum for pulling 
the input voltage down near the logic threshold. A 
0-dBm output level will drive the NE5205 and 74F74 to 
120 MHz. By cascading two NE5205s, you can increase 
the sensitivity without sacrificing the wide bandwidth. 

Fig 5b shows the interface circuitry between the 
74F74 and the NE602 mixers’ LO ports. The total 
resistance establishes a conservative current drain— 
about 10 mA—from the 74F74 outputs; the voltage- 
divider tap optimizes the operation of the NE602s. The 
low signal-source impedance helps maintain phase accu- 
racy. For de isolation, use a miniature ceramic device 
for the isolation capacitor. 


Amplifying and switching functions 

The use of active mixers like the NE602 will provide 
conversion gain—typically 18 dB. In more traditional 
applications, which use passive diode-ring mixers, you 
experience a conversion loss—typically 7 dB. Conse- 
quently, the detected audio level will be about 25 dB 
higher when you use the active-mixer approach. This 
fact means that you can significantly reduce the noise 
and gain requirements of the first audio stage and 
eliminate the microphonic effect. This is a great advan- 
tage in direct-conversion receivers. 

Traditional direct-conversion-receiver designs use 
passive audio LC filters at the mixer output and low- 
noise discrete JFETs or bipolar transistors in the first 
audio stages. Because of the conversion loss associated 
with passive mixers, these amplifiers must have a very 
high audio sensitivity, so they readily respond to me- 
chanical vibration and produce microphonics. The con- 
version gain available from an active mixer allows you 
to use a simple NE5534 op-amp stage (Fig 6), set up as 
an integrator to eliminate ultrasonic and RF instability. 

You can use an HEF4053 CMOS-analog switch to 
provide the sideband-select function. This triple dou- 
ble-pole switch drives the phase network and engages 
one of two amplitude-balance potentiometers—one for 
each sideband. The buffer op amp shown with the two 
sideband-select sections reduces the total harmonic 
distortion, maintains amplitude integrity, and prevents 
changes in the resistance values of the filter network 
due to switch resistance. If the gain distribution within 
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both legs of the receiver is consistent, you can eliminate 
the amplitude-balance potentiometers in less demand- 
ing applications. 


Phase shifting comes next 


In the phasing method, the broadband audio phase 
shifter (differentiator) is a critical stage. The analog 
all-pass differential phase-shift circuit shown in Fig 6 is 
one of several available broadband phase-shift tech- 
niques. When you short the inputs together and drive 
them with a microphone circuit, the outputs will be 90° 
out of phase over the 300- to 3000-Hz band. This 
splitting and phase-shift action is required for phasing- 
generator operation. 

For phasing demodulation, the circuit’s filters receive 
their inputs from the two audio detectors. The filter 
outputs are then summed to null the undesired 
sideband and reinforce the desired sideband. 

The filter circuit employs standard 1% values for the 
resistors and capacitors. You can improve gain toler- 
ances by using 0.1% laser-trimmed integrated resis- 
tors. To maximize audio performance, it’s best to use 
polystyrene, polypropelene, or Mylar capacitors. 

Two quad op amps (NE5514s in this case) fit nicely 
into Fig 6’s approach. One section of each quad IC 
serves as a switch buffer, and the other three form a 
phasing section. The quad op amps also yield high 
linearity and high dynamic range. These characteristics 
are much easier to achieve at audio frequencies than 
they are at common intermediate frequencies. Audio IF 
systems have other things going for them as well: They 
have no IF-tuned circuits, they have no need for 
shielding, and power requirements are low. 


Putting it all together 

High-quality SSB radio specifications call for side- 
band rejection greater than 70 dB. Using the circuit 
shown in Fig 6, you can reliably obtain rejection levels 
of 35 dB. Add an inexpensive 2-pole crystal or ceramic 
filter, and you can meet the 70-dB requirement. 

Fig 7 shows a complete SSB receiver that uses the 
phasing-filter technique. The block labelled “direct- 
conversion phasing SSB receiver” is Fig 6’s circuit. The 
antenna connects (via a bandpass filter) directly to the 
inputs of the NE602s. 

The direct-conversion phasing SSB receiver circuit 
has a 10-dB signal/noise sensitivity of 0.5 wV and a 
dynamic range of about 80 dB. Single-tone audio har- 
monic distortion is less than 0.05%, and 2-tone inter- 
modulation products are more than 55 dB down at RF 
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Fig 7—Using the phasing filter technique, you can design a complete, yet simple, SSB receiver. The antenna connects directly (via a 
bandpass filter) to the inputs of the NE602s’ mixer stage. 
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Fig 8—To minimize power drain, you can use HEF 4066 CMOS analog switches in the subcarrier stage of this experimental Weaver receiver 
circuit. 
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CIRCLE NO 76 


input levels only 5 dB below the 1-dB compression 
point. The sideband rejection is about 38 dB at a 9-MHz 
operating frequency. 

You can also use the same quadrature dual mixer in a 
Weaver-method receiver. Fig 8 shows an experimental 
Weaver receiver circuit. The subcarrier stage here can 
use HEF4066 CMOS analog switches to minimize 
power drain. 

A 1.8-kHz subcarrier requires a 7.2-kHz clock fre- 
quency. In the Weaver-method circuit, a common 
3.6864-MHz crystal combines with the HEF 4060 oscil- 
lator and +512 circuit to provide the required clock 
signal. When you use switched-capacitor filters for the 
lowpass audio circuits, a single clock generator (with 
appropriate dividers) suffices for all circuit-timing 
signals. 
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Robert Zavrel is a senior applications 
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Real-time development head- 
aches are a thing of the past 
with Heurikon’s LINK/X" 
Real-Time Development 
System. LINK/X provides bi- 
directional communication 
between UNIX" and multiple 
processors running under the 
Hunter and Ready VRTX® real- 
time executive. LINK/X lets 
you develop code under UNIX, 
download to VRTX, test and 
debug—all over the system 
bus or serial link! Add a sym- 
bolic debugger and trace 
problems directly to specific 
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lines of source code. An 


‘optional windowing terminal 


monitors concurrent pro- 
cesses. LINK/X supports it all! 


With LINK/X you will never 
need to compromise on 
performance again. Using 
Heurikon’s powerful MC68010 
or MC68020, Multibus’” or VME 
microcomputer board fami- 
lies, systems can be configured 
to meet the most demanding 
application requirements. 
Customized versions can 
include up to 16 VRTX proces- 
sors with a host of peripherals. 
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Cure your real-time develop- 
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Madison WI 53713. 
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breadboarding. 


You'd like to believe that 
electronic circuit simulation can 
replace breadboarding. That 
you've found the ideal substitute 
for an expensive, time-consuming 
design bottleneck. But you haven't 
seen a CAE workstation yet that 
really speeds up the process. Or 
that is cost-effective. 

Cadnetix takes you into your 
electronic design future. With 
Cadnetix technology, simulation 
is not just a viable alternative, 
it’s the best alternative. 

Our schematic capture and 
circuit analysis tools are specifi- 
cally engineered for fast and 
thorough design verification. 
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Cadnetix has advanced simulation tech- 
nology with our unique Graphic Waveform 
Editor, 


Giving you quick turnaround and 
fast payback on your design auto- 
mation investment. 


Capturing Schematics. 


Do you really get your 
money’s worth with today’s auto- 
mated schematic capture tools? 
With Cadnetix, definitely. Our 
system gives you capability pencil 
and paper can’t match. 

Comprehensive Cadnetix 
libraries make a large variety of 
standard and semi-custom com- 
ponents available to you. Our 
integrated design libraries contain 
all types of design data for CAE 
and CAD, including footprints, 
schematic symbols and simulation 
models. And our Hierarchical 
Schematic Editor is a powerful 





tool for creating symbols and sim- 
ulation models for new compo- 
nents required in your designs. 
Automatic forward and back 
annotation ensure the accuracy 
of your design data at all times, so 
ECO generation is dramatically 
streamlined. And, by using 
Ethernet, data is shared by all 
engineers for easy partitioning 
of large projects. You control the 
design process like never before. 


Simulate or Breadboard? 


Does breadboarding still seem 
faster than developing simulation 
inputs and running simulations? 
Not anymore. Reducing design 
cycle time is our top priority. 

We use a logical and natural 
approach to streamline your 
design process. We give you a 
choice of techniques for creating 
simulation inputs. You can code 
signal values textually or by soft- 
ware program. But Cadnetix also 
gives you the option of creating 
them graphically with our unique 
Waveform Editor. 


SReTATS ' 


You draw signal waveforms as 
you would on paper—but dramat- 
ically faster. With commands 
like pattern repeat, invert and 
copy, you generate inputs in 
minutes. Waveforms are used as 
direct inputs to the simulator. 
And output waveforms from one 
simulation can be used as inputs 
to another phase of the design. 

Simulation gives you unique 
advantages over breadboarding. 
In minutes, errors can be detected, 
the schematic modified, and your 
circuit re-simulated. With our 
powerful worst-case simulation, 
you can verify timing, ensuring 
that the system works with various 
combinations of components and 
operating conditions. And the 
speed of simulation gives you the 
freedom to experiment. 

How fast is simulation? Our 
CDX-77000 Simulation Engine™ 
speeds you through the process at 
200,000 evaluations per second. 


Physical Modeling. 


You need a system that accu- 





rately models VLSI components? 
You've got it. Cadnetix has antici- 
pated today’s trend in modeling. 

Our CDX-7900 and CDX-79000 
physical modelers use actual 
hardware as models for simulation. 
With accurate simulations of 
microprocessors, gate arrays, and 
other VLSI devices, you can debug 
any design. 

In the Cadnetix environment, 
physical modelers are network 
resources, so you benefit even 
more. You generate inputs at your 
workstation and transfer them to 
the modeler, where the actual 
simulation takes place. The work- 
station is then free for other 
tasks. And, because many engi- 
neers can share a single physical 
modeler, you enjoy exceptional 
price-performance. 


Cadnetix. 


Timely solutions. 
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You know CAD workstations 
can help you get higher quality 
boards to manufacturing faster. 


But you probably haven't seen 
the ideal CAD system yet. You want 
one that routes boards fast and 


still preserves quality. That handles 


the largest boards your team can 
produce. And supports any 
advanced technology you plan 
to use. 

With Cadnetix, your present 
and future CAD productivity is 
assured. We put our advanced 
technology to work in ways you 
really need it. 

Special-purpose processors 
to accelerate graphics operations 
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Cadnetix provides the industry’s first and 
most complete surface mount package. 


and routing. Continuous design 
rule checking. Effortless editing of 
very large boards. And the indus- 
try’s best surface mount package 


_ Fast Design Throughput 





and special ECL routing algo- 


rithms. Our commitment to unpar- 
alleled CAD performance is our 


investment in your success. 


Is graphics response slowing 
your designer’s progress? We’ve 
got the solution. The graphics 
accelerated Cadnetix CDX-50000. 

With instant graphics 
response, you're free to be creative, 
constantly, without frustrating 
delays. Our innovative system 
architecture is tailored for graphics 
operations to give you exceptional 
performance. 


The CDX-50000 combines 
bipolar, bit-slice parallel pro- 
cessors, an 88-bit wide microcode 
word and dual-port memory. It 
clips and transforms 400,000 vec- 
tors per second. The result? On 
your largest boards, you pan and 
zoom instantaneously. And boards 
you'd have to split on other sys- 
tems are edited effortlessly. Even 
those in the 800+ EIC range. 

Design rule checking (DRC) 
is accelerated, too. With on-line 
DRC you have instant feedback 
during interactive design. 


Routing in Record Time. 


Do you still see routing as the 
biggest CAD bottleneck? Times 
have changed. In the Cadnetix 
environment, engines do the work, 
not you. 

Our Route Engine™ routes 
with incomparable speed. Our 
special-purpose hardware archi- 
tecture gives you super-computer 
processing speed of 50 equiva- 
lent MIPS for the routing applica- 


tion. And you don’t do a thing. 
The engine iteratively rips up and 
reroutes traces, making possible 
true 100% routing. 

A special finishing routine 
minimizes vias and improves trace 
routes, ensuring board quality 
and cutting manufacturing costs. 

The engine operates unat- 
tended, so your boards route 
through the night or over the 
weekend. You can literally triple 
your output, or better. With this 
exceptional machine, Cadnetix has 
redefined the routing problem. 
The burden is on the router—you 
just dictate the priorities and 
controls. 


The Technological Edge. 


You doubt that you'll find 
design tools that stand up to your 
most ambitious demands? Here 
they are. Technology leads at 
Cadnetix. 

Large complex boards, fine- 
line geometries—analog, digital, 
ECL and surface mount compo- 


nents—Cadnetix handles these 
routinely. You'll produce boards 
you couldn’t even try before. 

Our surface mount capability 
is just one example. All varieties 
of chip carriers, small outline ICs, 
flatpacks and others are sup- 
ported. Components are easily 
placed on either side of a board 
and moved from one to the 
other. Component “footprints” 
are supported for pre-defining 
signal connections. You can mix 
English and Metric dimensions 
in a single design. The list goes on. 

Cadnetix design tools expand 
your horizons, not limit them. 
With the kind of power, flexibility 
and graphics response to keep 
your creative thoughts flowing. 
Uninterrupted. So you produce 
high quality boards faster than 
ever. And that’s the bottom line. 


Cadnetix. 


Fast Solutions. 
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You hear lots of vendors prom- 
ising an integrated solution for 
electronic systems design. But you 
haven't seen one yet that delivers 
comprehensive capability in both 
CAE and CAD. Or a company 
that understands the problems 
involved in all phases of electronic 
equipment design. 

Cadnetix has been a leader 
in printed circuit board CAD for 
years. And, we announced the 
industry’s first integrated CAE/ 
CAD product line for systems 
design in June 1984. 

We want you to advance into 
your electronic systems design 
future with a competitive edge. 


setenrnrvnaroscsseacT SESE SS, 


an 
i ad 


ous ae 







Icons, an optical mouse and action keys 


streamline operator interaction on Cadnetix 
systems. 


With Cadnetix tools, you're in 
the lead. 





Strength from Design 
to Layout. 


You need a seam- 
less design environ- 
ment? It’s yours. Our 
product line breadth 
is your strength. 
Full-function CAE through high- 
performance CAD, with engines 
to accelerate every compute- 
intensive process. Cadnetix has 
your solution. 


Tying it all together. 
You need integrated CAE/CAD 


capability? You've got it. Cadnetix 
gives you integration by design. 


We give you a single, unified 
database for CAE and CAD. What 
do you gain? Automatic forward 
and back annotation to ensure 
integrity of design data and stream- 
line ECO management. Trans- 
parent remote file access to the 
database or to any other work- 
station. A single master library, 
accessible to all designers across 
the network. Database servers 
for mass storage and library con- 
trol. And system management 
tools, including automatic tracking 
of schematic and component 
revision levels. 

Ethernet is the communica- 
tions medium. Via Ethernet, 
engines are available to every 
workstation to provide you super- 
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Cadnetix systems design solution (CAE and 
CAD tied together by network and DB). 


IBM PC is a registered trademark of the IBM Corporation. DEC VAX is a registered trademark of Digital Equipment Corporation. 








computer performance in specific 
applications, even to your PCs. One 
engine serves several engineers— 
you don't have to buy an engine for 
every workstation. 

What does this buy you? Very 
simply, spectacular return-on- 
investment. 


Making It Work. 


You want a solution that’s not 
only powerful, but useable? We 
gave you the first and only object- 
oriented interface in CAE/CAD. 

The Cadnetix user-interface is 
acknowledged as the industry’s 
best. We were the first to develop 
an object-oriented system that is 
consistent across all applications 
and makes no compromises in 
functionality. 

Within days, you'll be using 
the system —not just learning to 
use it. With our object-oriented 
interface, you have no command 
languages to memorize. No 
complex menus either. Instead, 


you just select an object and 


choose an action. Whether draw- 
ing a schematic, creating simu- 





lator inputs or routing a board, the 
principle is the same. And it 
results in high productivity. A 
major customer reported, “During 
the first 12 weeks after installa- 
tion, seven PCBs were completed, 
including all documentation” 

How do you benefit? Efficiency. 
You accomplish more with each 
keystroke. Flexibility. You control 
every aspect of your editing 
environment. Speed. For the infre- 
quent or intermittent user, relearn- 
ing time is minutes, not weeks. 
Comfort. With a coherent visual 
interface, you work faster, and get 
less fatigued. 

For the first time, you have 
automated design tools that effec- 
tively complement your skills. So 
you produce high quality products, 
on time. 
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Universal 


switched- 


capacitor filter 











Conventional RC filters often require man- 
ual tuning. In contrast, switched-capacitor 
filter ICs take advantage of carefully con- 
trolled semiconductor processes to deliver 
tight tolerances without hand tuning; 
they’re suitable for a variety of vowce- and 
data-communications applications. 





Kerry Lacanette, National Semiconductor Corp 


Universal switched-capacitor filters are versatile de- 
vices that furnish high center-frequency accuracy (1% 
tolerance) and require fewer components than compa- 
rable RCL filters. Using one such device (the MF8 
switched-capacitor filter IC) and three external resis- 
tors, you can realize virtually any fourth-order, all-pole 
bandpass response (you can implement Butterworth or 
Chebyshev functions, for example) and control the 
amount of ripple as well. 


Logic sets quality factor 

The MF8’s basic circuit configuration (Fig 1) needs 
only three external resistors to set the gain and re- 
sponse characteristic. To set the bandwidth, you apply 
the appropriate logic signals to the chip’s quality-factor 
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lowers part count 


OP 


i BANDPASS» 
FILTE 


E BANDPASS 


Fig 1—The MFS8 switched-capacitor bandpass filter needs three 
external resistors to set the gain, response characteristic, and input 
impedance. Logic levels on the five Q-logic pins set the bandwidth; the 


filter’s center frequency equals the clock frequency divided by 50 


or 100. 





(Q-logic) pins. You can select from among 31 Q values 
ranging from 0.5 to 90. The filter’s center frequency 
equals the clock frequency divided by either 50 or 100, 
depending on the state of the 50/100 pin (pin 10). 

You can set the center of the passband anywhere 
from 0.1 Hz to 20 kHz. The chip will operate from 
single-ended or split supplies ranging from 8V (+4V) to 
14V (+7V). 
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Switched-capacitor filters boast a center-fre- 
quency accuracy with 1% tolerance. 








TABLE 1—FILTER PARAMETERS 


RESPONSE RIPPLE(dB) 
BUTTERWORTH 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 





You begin the design of your fourth-order bandpass 
filters by defining the filter’s performance parameters: 
the center frequency (f)), the bandwidth (BW), and the 
response characteristic (for instance, Chebyshev with 
0.5-dB ripple). Next, you choose a reasonable value for 
Rr (for example, 20 kQ). Then you look in Table 1 for 
the values of the ratios R./Ry and R)/Rr. Next you 
multiply the ratios by Rr to find the values for R» and 
Ro. These resistors set the filter’s basic response char- 
acteristic. If you need a gain other than 1, divide Ry by 


ae? a 13] 14] ae 


1s 7 BANDPASS | 
FILTER 1 





the desired gain and use the reduced value for Ro. 

To set the filter’s bandwidth, you must multiply the 
appropriate Kg term in Table 1 by your desired value of 
f/BW. Then you match that result with its correspond- 
ing entry in the Q) column of Table 2 to determine the 
necessary inputs to the chip’s Q logic. Finally, to set the 
filter’s center frequency, you derive a clock signal with 
its frequency equal to 50 or 100 times the desired center 
frequency. The voltage on the 50/100 pin sets the clock’s 
division ratio. If the pin is at V*, the ratio will be 100:1; 
if the pin is at ground, the ratio will be 50:1. 


Self-clocked operation is possible 


The chip has two clock inputs, one for CMOS logic 
levels (pin 8), and one for TTL levels (pin 7). If you use 
a TTL clock, you must connect the CMOS clock pin to 
V- (or to ground in single-supply applications). You can 
use a T'TL clock with either a single supply or a bipolar 
supply, because the TTL input actually has two logic 
thresholds. One is referred to the analog-ground termi- 
nal, and the other is referred to the negative-supply 
terminal. The chip accommodates CMOS clock inputs at 
pin 8 if you connect the TTL input to V* or V~. You 
should leave pin 9 (RC) open unless the chip is self- 
clocked. In that case, you connect a resistor between 
pins 8 and 9 and connect a capacitor between pin 8 and 
ground. 

If you need a higher-order filter, you can cascade two 


z BANDPASS : 
FILTER 4 


Fig 2—You can cascade two MF8s to build an eighth-order, multiple-feedback bandpass filter. The concept extends to higher-order filters. 
I 


140 


EDN April 3, 1986 


TABLE 2—Q-LOGIC FACTORS 


or more chips to realize sixth-, eighth-, tenth-, or 
twelfth-order bandpass filters. Every pair of added 
poles requires an additional resistor. Fig 2 shows an 
eighth-order bandpass filter using two MF8s and five 
external resistors. The design approach is the same as 
that of the fourth-order version, except that it contains 
more resistors. Table 3 shows the pertinent resistor 
ratios for eighth-order filters. 

Along with low center-frequency error, an important 
attribute of switched-capacitor filters is the ease with 
which you can change the center frequency. You simply 
vary the clock frequency (fcix). Because digitally pro- 
grammable clocks with crystal-controlled accuracy are 
relatively easy to build from standard components, a 
single switched-capacitor filter can effectively act as a 
bank of precision filters operating at different frequen- 
cies. Fig 3 shows an application of this concept. 

The circuit includes a pseudorandom noise generator 


a a a a Ce CC co oo Oo OR Oe Oe Oe OR Oe Oe oo oe) 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
0 
1 
0 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 


=aO-0-20440+70++;-00 +0000 07747747 000 


=“aO-A00-,7202+400;a0e0+A+4+ +420; 000+ +007 + 0 
foo liolio lolol oil al al al alot a aon ae eo © Oe i 





0 5V 





740164 





740164 


150| pF 


%44030 %44030 | = 
10k 100k 
200 
Re FILTERED NOISE 












MICROPHONE 
INPUT 


TO AC VOLTMETER 


0.47 pF 
470k 


+. O —15V 
” VaLF442 


Fig 3—This pink-noise generator with tunable bandpass filter proves useful for acoustic measurements. Because you can tune the MF8 
simply by varying the clock frequency, it serves as a bank of precision bandpass filters as well. 
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Switched-capacitor filter ICs require no ex- 
ternal reactive components. 





comprising four 74C164 shift registers and an exclu- 
sive-OR gate that provides a test signal for acoustic 
measurements. The noise circuit’s output is essentially 
white noise (it has a constant spectral density) through- 
out the audio spectrum. Two other exclusive-OR gates 
configured as an oscillator generate the clock waveform 
for the noise generator. 


The LF442 op-amp circuit filters the white noise to 
provide a more useful test signal. The LF 442 circuit’s 
output has a 3-dB/octave rolloff rate from 20 Hz to 20 
kHz, so that the noise at its output has constant 
spectral density per octave of frequency (ie, the output 


is pink noise). The accuracy of the pink-noise filter is 


~ better than +0.5 dB throughout the audio-frequency 





Switched capacitors unlock filters 


One of the two keys to the oper- 
ation of switched-capacitor fil- — 
ters is the excellent matching of 
MOS capacitors that’s possible 
on an integrated-circuit die. By 
paying careful attention to de- 
vice geometries, chip makers 
can build onboard capacitors 
whose ratios (not absolute val- 
ues) to each other are accurately 
controlled. Furthermore, these 
capacitor ratios remain constant 
even when their absolute values 
change because of variations in 
the ambient temperature. 


Switch replaces resistor 

The other key to the operation 
of switched-capacitor filters is 
the ability of a capacitor and a 
couple of MOS switches to mimic 


the behavior of a resistor. To see 


how this mimicking might be 
done, look at Fig Aa, which 


(a) wt (b) T 7 


Fig A—A capacitor-switch circuit (a) 
replaces the real resistor (b) in a switched- 
capacitor filter—one of the keys to the 
circuit’s operation. 
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Fig B—The average amount of current 
flowing out of the switched-capacitor cir- 
cuit depends on the switches’ commuta- 
tion rate. 


shows a resistor connected to a 
source voltage on one side and 
to ground on the other side. If 
the source voltage is Vin, and 
the resistance is R, obviously a 
current, : 


| 2 Vin 
1 = R” 


will flow through the resistor. — 
Now take a look at the circuit 
shown in Fig Ab. Capacitor C 
alternately connects, through 
switches S,; and S:, to the input 
voltage and to ground. When §, 


closes and S: opens, the capaci- 
tor will charge to Vin. The total 
charge on the capacitor will be 


Q — Vin C. 


When §; subsequently opens 


-and S, closes, the charge (Q) will 


flow to ground through S:. Fig 
B shows the current flowing into 
and out of the capacitor as a 
function of time. Note that this 
current consists of a quick burst 
at each switch closing. The am- 
plitude and the duration of each 
current burst depends on wheth- 
er there is any parasitic resis- 
tance in the switches (MOS 
transitors in the case of an IC 
implementation). If the switches’ 
toggle rate increases, more 
bursts per unit of time will 
occur, as Fig Bb shows. 


Net current 

If I;n is the average current 
into the network of Fig Ab and 
T is the time period between 
closings of 8, the following 
equation expresses the result: 


VinC€ 
Lye = B= B, 


You can rearrange this equation 
to give an expression for the 
equivalent resistance of the cir- 
cuit: : 
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RESPONSE 


BUTTERWORTH 


Tah HTH-ORDER Fi 


RIPPLE (dB) 


range. More complex networks can achieve even better 
accuracy, but audio measurements rarely need it. 

The filter of Fig 3’s circuit has a fourth-order Cheby- 
shev response with 0.2-dB ripple and a bandwidth 
equal to one-sixth of the center frequency. Pin 10 is 
grounded, so the center frequency will equal fc.x/50. 
By varying the clock frequency, you can determine the 


CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 
CHEBYSHEV 


‘CHEBYSHEV 


CHEBYSHEV 


~CHEBYSHEV 


Note that the equivalent resis- 
tance depends on only two quan- 
tities: the capacitance (C) and 
the switching rate. Because the 
switching rate derives from an 
externally applied, adjustable 
clock, the result is a clock-varia- 
ble resistor. You can extend this 
concept easily to the integrator 
circuit shown in Fig Ca. This 
circuit is the basis of numerous 
active-filter designs. It is easy 
to see how to replace the input 
resistor with a switched-capaci- 








(b) = — 


Fig C—The switched-capacitor circuit 
can substitute for the input resistor of an 
inverting integrator. 
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tor resistor. This replacement 
yields an integrator with no re- 
sistors, as shown in Fig Cb. The 
time constant of the integrator 
is simply 


T Cy 
Ci 





Note that the time constant 
doesn’t depend on the absolute 
accuracy of the capacitors, only 
on their ratio. Because IC mak- 
ers can fabricate IC capacitors 
with very accurate ratios, the 
filter’s time constant will also be 
very accurate. 

Fig D shows a couple of varia- 
tions on the simple switched-ca- 
pacitor integrator. The first is a 
noninverting integrator. In this 
circuit, S:, and Sp close simulta- 
neously to charge C, to the input 
voltage (Vin). Sia and Sig then 
open, and Sea and Sez close, con- 
necting C; to the summing junc- 
tion, but with the capacitor’s po- 
larity reversed. The reversal 
effectively inverts the inverter, 
resulting in a noninverting inte- 
grator. A positive Vin will now 
result in an output voltage that 
moves in the positive direction. 

A useful variation on the 
noninverting circuit (Fig Db) 
connects S;, to a second input 
signal Vine instead of ground to 
create a differential integrator. 





0.3315 
0.2751 


0.7299 


0.08113 0.5053 





The output voltage is now the 
integral of (Vini— Vino). 


SUL 


VIN p-t-- S2a 
o—O 





Fig D—Adding two switches to an in- 
verting switched-capacitor integrator re- 
sults in a noninverting version of the 
circuit (a). In addition, a simple modifi- 
cation yields a differential switched-ca- 
pacitor integrator (6). 
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Fig 4—With its clock-tunable sine-wave generator and tracking 
noise-rejection filter, this circuit is useful when measuring the 
transmission of a signal through a noisy medium. The sine-wave 
generator is far simpler than triangle-to-sine approaches that use 
differential transistor pairs or piecewise-linear approximation. 





system under test’s response as a function of frequency. 
Much simpler versions of the same circuit, without the 
random noise generator, prove useful in measuring 
environmental noise in various frequency ranges with 
much better resolution than simple handheld meters 
with A-weighted response characteristics. 


Filter out noise 


The circuit shown in Fig 4 proves useful in numerous 
applications calling for the measurement of signals at 
specific frequencies in the presence of noise. The circuit 
operates over the 0.1-Hz to 20-kHz frequency range. 
Instead of a pseudorandom noise generator, the circuit 
uses one of the MF8’s filter blocks as a sine-wave 
oscillator to generate test signals. The sine-wave gen- 
erator’s output regeneratively feeds back to its input, 
where two diodes clip the signal. After filtering, the 
clipped waveform yields a sine wave whose frequency 
is equal to fc.x/50. 

Because of its low part count and lack of external 
adjustments, this circuit is an attractive alternative to 
other wide-frequency-range, sine-approximation cir- 
cuits that use differential-transistor pairs or piecewise- 
linear op-amp circuits to shape triangle waves into near 
sinusoids. 
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Fig 5—This eighth-order modem filter provides 50-dB attenuation of out-of-band signals. You switch it between the transmit and receive 


modes by changing the clock-division ratio from 50:1 to 100:1. 
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Fig 6—The graph shows the response curves for the modem filter of 
Fig 5. Note that the filter response remains the same as the center 
frequency varies. 





Because the center frequency of the MF8’s remaining 
bandpass-filter stage is the same as the sine generator’s 
output frequency, the filter can track the test signal, 
rejecting any potentially disruptive out-of-band sig- 
nals. The MF8’s operational amplifier provides gain to 
the returning signal; Fig 4’s circuit has a return gain of 
10, including the filter gain. 

Fig 5 shows two MF8s in a modem transmit/receive 
circuit operating from a single 10V power supply. A 
TTL signal changes the clock/center-frequency ratio 
from 100:1 to 50:1, thereby switching the circuit from 
the transmit mode to the receive mode. The 110-kHz 
TTL clock signal sets the center frequencies of the two 
possible bandpass responses to either 1.1 kHz or 2.2 
kHz. The filter has an eighth-order Chebyshev-re- 
sponse characteristic with 1-dB passband ripple. Its 
bandwidth is equal to about one-third of the center 
frequency. 


Circuit puts second op amp to work 

The op amp in the second MF8 converts the TTL 
transmit/receive selection signal to a 0 to 10V logic 
level compatible with the 50/100 control input at pin 10 
of each IC. This application is a rather unconventional 
use of the 50/100 input; normally you just hard-wire the 
input to V* or V-. Similarly, the Q-logic pins are 
typically hard-wired high or low for any given applica- 
tion. In addition, their logic thresholds are approxi- 
mately 5V and are incompatible with TTL drive sig- 
nals. Therefore, in specialized applications requiring 
TTL control of Q or the clock-to-center-frequency ratio, 
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the simplest solution to the problem is to connect a 
standard level translator, such as a DA78L12, to con- 
vert the TTL levels to signals the Q-logic and 50/100 
pins can use. 

The Bell 103 standard calls for transmit tones (mark 
and space) at 1070 Hz and 1270 Hz and receive tones at 
9025 Hz and 2225 Hz for the originating modem. An 
eighth-order Chebyshev filter with 1-dB ripple, an 
1100-Hz center frequency, and a bandwith equal to 
one-third the center frequency will provide at least 
50-dB attenuation of the nearest out-of-band signal 
tones. When using 5% resistors, the response curve 
shown in Fig 6 results. 


Some changes for single-ended power 

Operation from a single-ended power supply requires 
only a few obvious changes from the circuit’s split- 
supply connection: V" becomes ground, and a pair of 
resistors anda capacitor bias the AGND pin (pin 4)to half 
the supply’s level. Because of the MF8’s dual-TTL 
thresholds, the TTL clock signal is still referred to 
ground. 

The simple tone-detector circuit shown in Fig 7 uses 
the MF8’s two internal bandpass sections in a cascade, 
without any ovefall feedback. Total gain at the center 
frequency is 4, and the Q of each section is 5. The filter’s 
output goes to a diode-capacitor peak detector, which in 
turn drives the resistive divider at the input to the op 
amp. When the voltage on the capacitor is between 
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Fig 7—Two bandpass filters drive a peak-detector/comparator that 
gives a 5V output when the center frequency’s amplitude is above 
approximately 300 mV. 
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Fig 8—This speech-range band-limiting filter for voice-communi- 
cations systems reduces transmission-power requirements without 


affecting intelligibility. 
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» IBANDPASS ; 


FILTER 2 


about —1.7 and OV, the amplifier operates in closed- 
loop fashion, and its output voltage is a diode drop 
below ground, resulting in OV at the circuit’s TTL 
output. When the in-band input-signal level reaches 
about 1.2V rms, the op amp operates in open-loop 
fashion, and the TTL output goes to 5V. When the clock 
frequency is 500 kHz (as shown), the circuit detects 
d-kHz signal tones. 

Limiting the speech-signal band to a frequency range 
of approximately 500 Hz to 3 kHz often improves the 


performance of voice-communication systems. This lim- 





Filter IC adapts to applications 


The block diagram in Fig 1 on 
pg 139 shows the MF§8’s basic 
architecture. The IC’s internal 
analog circuitry comprises two 
identical second-order bandpass 
filters and an operational ampli- 
fier. The op amp is a CMOS de- 
vice with a 10-pA input bias cur- 
rent and an 80-dB open-loop gain 
at de. The amplifier’s gain-band- 
width product is 1.8 MHz, and 
its slew rate is 10V/usec. The 
noninverting input ties internal- 
ly to the analog ground pin 
(Agnp), So the op amp functions 
only in the inverting mode. 

Fig A shows a simplified sche- 
matic of the chip’s second-order 
filter circuits. The resistors in 
the diagram are actually capaci- 





tors and MOS switches. The in- 
tegrators in the MF§8 are invert- 
ing types. Therefore, the chip’s 
bandpass-filter sections use in- 
verting feedback resistors. 
These unconventional circuit ele- 
ments are easy to build in 
switched-capacitor form. The 
ratio Rg/Ry determines the fil- 
ter’s quality factor (Q); you can 
therefore adjust Q without af- 
fecting the gain or the center 
frequency when you vary the 
value of Ry. 

Ry is in reality a switched-ca- 
pacitor resistor, and Fig B 
shows how you adjust its value 
by connecting capacitors in par- 
allel with CMOS switches. You 
adjust Rin and Rg in a similar 


BANDPASS 
OUTPUT 


Fig A—Each second-order bandpass block within the MF8 uses integrating invertors. 
Because of the inverting integrators, the filters require inverting, switched-capacitor 


resistors. 


manner to provide even more 
values of Q while holding the 
gain constant. The chip decodes 
the logic signals on the five 
Q-set pins to determine which of 
these switches will be open and 
which will be closed, thereby de- 
termining the total capacitance. 

To understand the multiple 
feedback-loop filter, first exam- 
ine the circuit shown in Fig C. 
The circuit comprises an opera- 
tional amplifier, two identical 
second-order bandpass filters, 
and four resistors. If you define 
the two filter blocks in terms of 
their gain, center frequency, and 
Q (Ho, wo, and Qo, respectively), 
their transfer functions are 





Fig B—Ry, which controls the filter’s 
quality factor, actually comprises 
switches and a capacitor whose value you 
change by adding additional parallel ca- 
pacitors. The chip’s Q logic controls the 
switches. 
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The filter IC operates from both single and 


bipolar supplies and accepts either CMOS 
or TTL clock signals. 
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iting has little effect on intelligibility, but it produces a 
significant savings in the amount of speech power 
transmitted. In addition, similar filtering after recep- 
tion improves the S/N ratio, and therefore the intelligi- 
bility of speech signals. The circuit shown in Fig 8 
realizes this band-limiting function in a fourth-order 
Chebyshev bandpass filter with 0.5-dB ripple. EDN 
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sign first involves the develop- oo 2 (1) 


W 
es Qo : ment of a second-order, lowpass = BW * by’ 
Ti = 1, = a. ue prototype whose transfer func- Ro _ br (2) 
Qo tion is Re  Hby’ 
When you connect the two i ie Hhby R 4. 
bandpass filters, op amp, and re- fg s? + sb, + bo : Rr: 4b, 3) 
sistor as shown, a fourth-order yi 


bandpass filter results. Analysis 
of the fourth-order filter’s trans- 
fer function shows that you can 
omit R; from the circuit with no 
loss of flexibility, leaving three 
resistors: Ro, Re, and Rr. These 
resistors, the clock frequency, 
and the Q of the second-order 
bandpass sections define the fil- 
ter’s overall response. : 
A standard approach to 

fourth-order bandpass-filter de- 


where H is the passband gain, 


and by and b; determine the be- 


havior of the lowpass response. 
You can find tables of these coef- 
ficients in filter-design texts. As 
an example, the values by=1 and 
b:= V2 specify a Butterworth 
lowpass filter with its cutoff at 1 
radian/sec. The following equa- 
tions relate the fourth-order 
bandpass filter to the second- 
order prototype: 





Fig C—In the multiple-feedback configuration of the switched-capacitor circuit, you 


can eliminate R, with no loss in flexibility. 
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The ratio Ry/Ry determines 
the filter’s gain, and R2/Rr de- 
termines the general response 
characteristic (Butterworth, 
Chebyshev with 0.2-dB ripple, 
etc). The Q) value of the two 
second-order bandpass stages 
determines the bandwidth of the 
overall filter. You can adjust 
gain and bandwidth without 
changing the basic filter re- 
sponse. In other words, if a fil- 
ter is a Chebyshev filter with 
0.3-dB ripple, the response will 
exhibit the same 0.3-dB ripple 
regardless of the bandwidth. 
Using a filter-design reference, a 
table of second-order filter coef- 
ficients, a pocket calculator, and 
Eqs 1, 2, and 3, you can deter- 
mine the necessary resistor and 
Q values for any desired fourth- 
order bandpass response. The 
calculations become less tedious 
if you use Table 1 on pg 140. 
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ABOUT SYNCHRO-CONVERSION © HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION ¢ DATA BUS DEVICES 


PUBLISHED BY 


NOW!...A 1553 INTERFACE 
FOR YOUR IBM PC 


MIL-STD-1553 DATA BUS 


DDC has expanded its extensive 
line of MIL-STD-1553 BC/RTU/ 
MT interface cards through the in- 
troduction of the new IBM PC to 
1553 serial MUX bus _ interface 
card. Designated BUS-65515, it is 
packaged on a standard full size 
IBM PC printed circuit card, and 
offers complete, intelligent inter- 
facing featuring transparent opera- 
tion with a minimum of host proces- 
sor intervention. The BUS-65515 is 
software configurable for use as a 
1553 Bus Controller (BC), Remote 
Terminal Unit (RTU) or passive 
Bus Monitor Terminal (MT); sup- 
porting 12 mode codes, all 1553 
message formats and complete 
wrap-around Built-In-Test (BIT). 

The BUS-65515 interface board 
is composed almost entirely of 
DDC standard products including 
the BUS-65600 BC/RTU/MT full- 
function hybrid, BUS-66300 inter- 
face hybrid, BUS-63127 transceiver 
and the BUS-29854 transformer, 
along with a 12 MHz clock, 4K x 16 
RAM, IBM PC I/O handling logic, 
address and data buffers and some 


See us at Electro ’86 
Booths 1527 & 1529 


ILC DATA DEVICE CORPORATION 


BEC} sus-6ss15 


BUS-65600 BUS-66300 
BC 1553 topP 
RTU INTERFACE 
MT UNIT f\ 


additional interface ‘‘glue’’ logic. 
On-card RAM, interrupt priority 
handling and I/ O command regis- 
ters ensure message transfer integ- 
rity while minimizing host CPU 
overhead. Memory mapping of the 
4K x 16 shared memory and inter- 
rupt priority level are user select- 
able by means of jumpers. Double 
buffering of the RAM ensures that 
only complete messages are trans- 
ferred between the PC bus and the 
1553 bus. I/O command registers 
provide extremely flexible opera- 
tion by allowing the subsystem to 
perform numerous functions in- 
cluding: Interrupt enable/disable, 
BC/RTU/MT mode selection and 
setting external status bit. | 
As a Bus Controller, the BUS- 
65515 can be programmed to store 
and process up to 59 messages 
without subsystem intervention. As 
a Remote Terminal Unit, 107 mes- 
Sages can be processed and stored 
without servicing. When function- 
ing as a Bus Monitor, the BUS- 
65515 keeps track of all activity on 
the 1553 bus. It decodes and stores 
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in memory the Command, Data 
and Status words of all messages. 
Each word is tagged with a descrip- 
tive control word (Identification 
Word) which is also stored in 
memory. 

After subsystem initialization of 
the command registers and shared 
memory, management and control 
of the on-card RAM are performed 
without subsystem intervention. As 
a BC, the memory map contains 
data blocks, a data block descriptor 
stack and a stack pointer. As an 
RTU, the memory map contains 
data blocks, a descriptor stack, 
descriptor stack pointers and sub- 
address look-up tables. 

The BUS-65515 operates over 
the 0°C to +70°C temperature 
range. Its flexibility and full com- 
pliance with MIL-STD-1553B 
make it an excellent choice for IBM 
PC interfacing applications. Con- 
tact the nearest DDC regional of- 
fice for complete details and 
ordering information. LJ 


® IBM PC is a registered trademark of 


International Business Machines Corporation. 
Circle no. 148 for Sales contact 
Circle no. 149 for Literature 


ILC DATA DEVICE CORPORATION 


HEADQUARTERS AND MAIN PLANT: ILC Da 
992-1772, TWX: 910-499-2674; SANTA CLARA, (408) 244- 0831, 
WASHINGTON, D.C. AREA: (703) 893- 7989, TWX: 910-997- 0967; NORTHERN NEW JERSE 
EUROPEAN OFFICE: 01-387 4599, TLX: 851-261967; UNITED KINGDOM: (44) 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 46-8-92 


WEST COAST (CALIF.): WOODLAND HILLS, (818) 


ta Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324 

TLX: 172775: HUNTINGTON BEACH, (714) 840-5723 
Y: (201) 785-1734, TWX: 130-332 

635-40158, TLX: 851-848826; FRANCE: (1) 4-333- 5888, TLX: 842-630609 

0-635, TLX: 854-10952:; JAPAN: (03) 490-0203, TLX: 781-34158 





If your system is only ne this many colors, 
isnt” it time to grow up! 


The INMOS IMSG170 Color Look-up board space and power consumption al 
Table offers a grown-up solution to video a lower cost. 
display color enhancements. It lets you The Color Look-up Table from 









INMOS. Designing with thousands of 


and your RGB analog display advance 
colors just became child’s play. 


to a palette of more than a quarter 
million colors. - 
This programmable DAC conforms INMOS Corporation, Colorado 
to RS170A standards with pixel rates Springs, Colorado, Tel. (303) 630-4000 
up to 50 MHz, in a 28 pin package. Bristol, England, Tel. 0272-290-861 
And to simplify things, the table Paris, France, Tel. (1) 687-2201 
integrates the functions of a 256 word Munich, Germany, Tel. (089) 319-1025 
x 18 bit color mapping table, three 6- 
bit DACs, 75 ohm drivers and micro- 
processor interface into a monolithic 
CMOS device. The result? Reduced 





Compare your computer design colors to these crayons. If the crayons win, call INMOS. 
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Crayola is a registered trademark of Binney & Smith, Inc. Used with permission. ; and IMS are trademarks of the INMOS Group of Companies. 
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Enter the best of both worlds. 


When you're exploring the semicus- 
tom world for the first time, it can be a 
confusing place. 

Why not explore it with us? RCA has 
been providing semicustom chips for 18 
years for military/aerospace, automotive, 
industrial controls and consumer 
electronics. 

The designer-friendly system. 

We know the importance of speed 
and flexibility in semicustom. 

Our designer-friendly software gets 
you up to speedin as little as the three 
days required for our training course. 

Start at one of our worldwide design 


centers, or the Hamilton/Avnet or Schweber 


design center most convenient to you. 
Then complete your design at your own 
location. 

Be as remote as you want. 

Our workstation software supports all 
of the major workstations: Daisy," Mentor™ 
and Valid™ To complete or revise your 
design at any remote workstation, 
purchase either our schematic capture 
and net list software, or schematic capture, 
net list and simulation software for each 
library. You pay a one-time fee plus quar- 
terly update maintenance fee. Youll get 
one of the lowest computer charges per 
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signing. Our selection includes double 
level metal for higher density chips that 
handle higher system clock speeds. 

The RCA library of over 300 verified 
standard cells is one of the largest in the 
industry. Our new silicon compiling capa- 
bility includes RAM generation up to 1,000 
bits, sliced any way you want it, with other 
macrocell options coming soon. Our gate 
arrays go up to 6,000 gates, with alternate 
sourcing on the LSI 5,000 series. 

Why do so many designers who 
try RCA buy RCA? 

RCA’s hit rate on first time successes 
is over 95%. And the comments from our 
design course participants are nearly as 
impressive as the numbers who go on to 
become RCA semicustom customers. 

Whether you choose CMOS gate 
arrays or CMOS standard cells, get the 
best of both worlds. Call your RCA sales 
office or distributor today. 


Daisy™ is a trademark of Daisy Systems Corporation. 
Mentor™ is a trademark of Mentor Graphics Corporation. 
Valid™ is a trademark of Valid Logic Systems Incorporated. 


Mail to RCA Solid State Division, P.O. Box 2900, 
Somerville, NJ 08876. 
0 Please send me information on RCA semicustom. 


O Please send me information on RCA 3-day 
training courses for semicustom. 
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New double level metal with 
sub-chip options. 

Our CMOS gate arrays and standard 
cells will get you started in the right direc- 
tion, and allow you to grow without rede- ee ES eee ee 


Company ————__$_£_$_€Tp A 
Address ——_—__————————————_—_—_ 
City/State/Zip ——————$_$_$_$€a?pA—_____——— 


Phone 





| 
| 

| 

| 

| 

| 

| 

CPU hour in the industry. | 
| 

| 

| 

| 

| 

| 


Call: Hamburg, 49-4106-6130; London, 44-93-2785911, Paris, 33-3-946-5656; Call: Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 


Your Mega-partner in CMOS. 







Feature Size:2L CMOS 





N-Channel _ P-Channel 
VTEO 0.5-1.0y 0.5-1.0y 
BVpss > 10y >10y 
21-25 


K'= “> linear region 









0.27-0.32 
0.2U—-0.4 


0.27—0.32 
0.4u-0.6p 
SM —3.5 fl 


Cap. Metal to Sub 10* PF/cm 
Junction Depth 
[Well Junction — 














a0 —1.2y 
LEFF 1.0u-1.4yu 1.3u—-1.7p 
Substrate Resistivity 2.5KN/O 1.20Q/cm 


ee Ee 


Feature Size:3L4 CMOS 


N-Channel P-Channel 
VTEO 0.5-1.0,, 0.5-1.0,, 
BVDss >10y >10y 


6-8 





0.2-0.25 
0.4U—-0.8u 





Cap. Metal to Sub 10+ PF/cm 
Junction Depth 
P-Well Junction 


0.2-0.25 
0.6u-1.0u 
3.5 p—-4.5h 










—1.0y —1.0u 
LEFF L4u-2.0u 1.8u-2.4u 
Substrate Resistivity 2.5K OQ/_J 1.0-1.50/cm 


RR eee 


THE ONLY 
VICK—TURN 
UARANTEE. 





CIRCLE NO 127 











2[4 or 3K Engineering Prototypes: 
We deliver on time or we absorb 
30% of your fabrication cost. 


It’s nothing new. For the last 6 years, Orbit Semiconductor 
(formerly Comdial) has been the only foundry to guarantee 
on-time delivery for CMOS/HMOS engineering prototype 


or production runs. 


High reliability 2u and 3 double metal or double poly. 
10 working days for single poly and single metal. 15 working 
days for double poly or double metal. Quality processing 
that lets us deliver to Mil Std 883C requirements. Even 
mature processes (Synertek’s) available. It’s all part of the 
way we've earned our customer’s confidence. 


And when it comes to your production order, Orbit is your 


assurance of quality processes, and products delivered 
on time. 


For more information on the only guaranteed on-time 
delivery, typical turnarounds and processes, contact: 
Gary Kennedy, President, 1230 Bordeaux Drive, 
Sunnyvale, CA. 94089. Or call (800) 331-4617, in 
California (800) 647-0222, (408) 744-1800, 

TWX 910-339-9307, FAX (408) 747-1263 





” SEMICONDUCTOR, INC. 
A subsidiary of Orbit Instrument Corporation. 


Ste 
What others promise, we guarantee. 
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The PC serial bus lets you link microcon- 
trollers to local peripherals or other local 
controllers, forming a flexible and easily 
expandable low-speed network. By under- 
standing the P’C’s interface hardware and 
serial bus protocol, you can program one or 
more microcontrollers to control a variety of 
peripherals over the bus. — 





Carl K Fenger, Signetics Corp 


When you're designing a control function in which one 
or more processors monitor and adjust digitally control- 
lable elements having a maximum clock rate of 100 kHz, 
consider using master and peripheral controllers that 
incorporate the Inter-Integrated Circuit (I?C) bus. On 
the hardware level, the I’C bus is a collection of 
microcontrollers and peripheral controllers that com- 
municate serially over a 2-wire bus. Because the I’C 
structure transmits both an address and bidirectional 
data over the bus, you need only four wires—Vcc, 
ground, and the 2-wire bus—to link devices that incor- 
porate this interface. | 

The microcontrollers that incorporate the Signetics/ 
Philips I?C bus are the company’s SCN 8400 (equivalent 
to the MAB 8400) and PCD 3843 ICs. The I°C peripher- 
al controllers are the company’s Clips family of devices, 
which includes LCD/LED drivers, RAM, ROM, real- 
time clocks and timers, A/D and D/A converters, 
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TABLE 1—ICs INCORPORATING 





















THE I2C BUS 
PCF 3311/12 DTMF GENERATOR 
PCF 8570 256-BYTE STATIC RAM 
PCF 8571 128-BYTE STATIC RAM 
PCB 8573 CLOCK/CALENDAR 
PCF 8574 8-BIT REMOTE I/O EXPANDER 
PCF 8576 MULTIPLEXED LCD DISPLAY DRIVER 
PCF 8577 DUPLEX LCD DISPLAY DRIVER 
PCF 8591 8-BIT, 4-CHANNEL A/D CONVERTER 
PCF 8592 EEPROM 
SAA 1063 FLUORESCENT DISPLAY DRIVER 
SAA 1300 SWITCHING CIRCUIT 
SAA 3028 INFRARED RED TRANSCODER 
SAA 3035/36/37 FREQUENCY LOCKED-LOOP TUNING CIRCUIT 
SAA 5240 TELETEXT CONTROLLER CHIP 
PCF 8200 SPEECH SYNTHESIZER 
TEA 6000 FM/IF SYSTEM . 
TDA 8442 FOUR 6-BIT D/A CONVERTERS 
MAB 8400 FAMILY __8-BIT MICROCONTROLLER (NMOS) 
PCD 3343 8-BIT MICROCONTROLLER (CMOS) 
PCF 8572 128-BYTE EEPROM 
PCF 8582 256-BYTE EEPROM 


TEA 6300 ACTIVE TONE CONTROL 





DTMF generators, tuning circuits for computer-con- 
trolled television sets, and speech-synthesis ICs (Table 
1). The maximum allowable bus capacitance of 400 pF 
limits the distance between system components to a 
few feet and limits clock speed to the 0.7- to 114-kHz 
range. 

The I2C hardware interface controls all bus activity; 
it constantly monitors bus-free/bus-busy conditions, 
bus contention, slave acknowledgment, and bus inter- 
ference. These facilities, together with the simplicity of 
the interconnections, tend to reduce the size and pin 
count of theICs that use the structure, and make an I?C 
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EC 
You can easily expand an PC system by 
adding peripherals, and you can put more 
than one master on the same bus. 








system simple to design. You can easily expand such a 
system by adding peripherals, and you can put more 
than one master on the same bus. Fig 1 shows a typical 
I°C bus configuration. | | 

To program the [?C microcomputers to control the 
various peripheral devices, you must first understand 
the I°C serial bus protocol. The bus protocol is simple: 
A master initiates a data transfer by establishing a 
start condition, which is defined as a high-to-low transi- 
tion on the data line while the clock line remains high. 
This transition indicates that an address/data stream 
will follow. All peripherals respond to the start condi- 
tion and shift the next eight bits (which comprise a 7-bit 
address and a read/write control bit) into their S, 
registers. The slave that recognizes the transmitted 
address responds by pulling the data line low during a 
ninth clock pulse issued by the master; all other slaves 
withdraw from the bus at this point. 

When it receives an acknowledgment of the address 
byte, the master transmits either a data stream or a 
subaddress followed by a data stream; the master 
expects an acknowledgment from the slave after every 
byte. The master then terminates the read or write 
operation with a stop condition (a low-to-high transition 
on the data line while the clock line is high). Such 
operations fall into one of four possible categories: 
writing to a slave that has only a device address; 
reading from a slave that has only a device address; 
writing to a slave that has a subaddress; and reading 
from a slave that has a subaddress. 

Fig 2 shows the order of control and data information 
for each of the four categories. Slaves (such as the PCF 


RELAYS 
MOTORS 


TRANSDUCER 


KEYBOARD SCREEN 
LCD/LED 


DISPLAY 
J TAPE/DISK INTERFACE 





Fig 1—In this typical configuration, a master controls several 
peripherals over the I?C bus. You can add additional masters without 
introducing contention problems. 
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8570) that have both a device address (equivalent to 
chip enable) and a subaddress (equivalent to a word or 
register address) interpret the first byte as the device 
address, the second byte as the subaddress, and all 
following bytes as data. To avoid the necessity of 
transmitting a device address and subaddress for every 
byte, such slaves have autoincrementing data pointers 
that allow you to write data blocks of any length to (or | 
read them from) a starting address in memory. 

Fig 2c illustrates the protocol by which a master 
reads from a device that has a subaddress. The master 
first transmits the 7-bit device address, followed by a 
write control bit, and receives an acknowledgment 
from the peripheral being addressed. The master then 
transmits the subaddress to the slave, and the slave 
stores the subaddress. 

The master now prepares to read data: It sends a new 
start condition, the same 7-bit device address, and a 
read control bit. The slave then starts sending the 
master the data bytes. The master issues an acknowl- 
edgment after each byte except the last one and termi- 
nates the read operation with a stop condition. Note 
that the repeated start condition affects only the pe- 
ripheral that recognized its own address; the other 
peripherals are quiescent and won’t respond until a stop 
condition resets their interface hardware. 

Microcontrollers with an I?C bus interface, such as 
the SCN 8400 and PCD 3843, incorporate the bus 
protocol on chip. Implementing the protocol requires 
three registers and some supporting circuitry (Fig 3). 
All serial address and data transfers take place be- 
tween the »P accumulator and the shift register Sp. A 
byte to be sent serially is loaded in parallel from the 
P’s internal bus and shifted out to the SDA line, most 
significant bit (MSB) first. Similarly, a byte received 
serially on the SDA line is shifted into the S, register, 
MSB first. Other parts of the interface hardware recog- 
nize a start condition, generate shift clock pulses to 
shift the data into or out of the S, register, and 
generate an acknowledgment. 

During the initialization of a slave, the wP enables 
address register S,’ and loads it with the address that 
the slave will recognize. The master doesn’t normally 
enable this register. In a multiple-master system, how- 
ever, a master may enable Sy’ under software control so 
that other masters on the bus will treat it as a slave. 
The process of activating the Sy’ register sets the AAS 
(Addressed As Slave) flag in status register S). 

Bus control register S, performs several status and 
control functions. The upper four bits define the role of 
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START 


RD/WR SLAVE 
CONDITION 


STOP 


CONTROL BIT ACKNOWLEDGE CONDITION 


i 


MAY BE REPEATED 
N TIMES 


ACKNOWLEDGMENTS 
FROM SLAVE 


we 


N BYTES LAST BYTE 


NO ACKNOWLEDGMENT 
FROM MASTER ON 
FINAL BYTE 





Fig 2—In the simple protocol for the 


sends an acknowledgment after every byte. The sequence of operations for reading or writing data to a peripheral that has only a device 
address is shown ina. The sequence for writing to a pertp 


I?C bus, the first byte is always a 7-bit device address plus a read/write control bit. The receiving device 


heral that has both a device address and a subaddress is 8 


hown in b, and c indicates 
h a device address and a subaddress. 


how the master reads from a peripheral that has bot 


OWN-ADDRESS REGISTER So’ 





DATA SHIFT REGISTER So 


LSB SIO 
PIN 2 INTERRUPT 
SERIAL DATA 
(SDA) 





BUS-CONTROL REGISTER Si 


~<@— TO IC BUS 


INTERNAL 
wC BUS 





uC INTERNAL 
CLOCK 


Fig 3—Three registers control all the functions of the ’?C hardware interface. Register So’ holds a slave’s own address for comparison with — 
ddresses received in shift register So. Register S; 


a holds commands and provides status information. 
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ee 
For all ’C devices, the interface between 
the microprocessor and the 2-wire bus con- 
sists of three registers and some supporting 
circuitry. 








TABLE 2—THE I2C BUS 
SERIAL CLOCK FREQUENCY 


APPROX 
S24 CODE | DIvISOR (kHz) 


NOT ALLOWED 















To perform an output operation, the pP sets the ESO 
(Enable Serial Output) bit and writes a 3-bit number 
into the counter bits (BC2.); this number determines 
how many bits will be sent to the serial data line. To 
send eight bits, you need to preload the counter with 
000, and as each bit is sent, the counter is decremented 
by one. A ninth (acknowledge) bit is also sent, unless 
you omit it by setting a bit in clock-control register So. 
During the serial I/O bus cycle, the lower four bits of 
register S; provide status information. The AL bit, 
when set, indicates that arbitration has been lost. The 
AAS bit indicates that the controller is being addressed 
as a slave. The ADO bit is set when address zero (the 
general call) has been received, and the LRB bit 
indicates the status of the last received bit (which is 
usually polled to find the status of the acknowledge bit). 
The five least significant bits (4 through 0) of clock/ 
acknowledge control register S, determine the speed of 
serial bit clock SCL. The uP loads these bits under 
software control. The interface hardware applies the 
system-clock pulse to a frequency divider whose output 
is the serial-bit-clock pulse. The code in bits 4 through 0 
the controller at any given time. The MST (Master) bit of register S; determines the division ratio and the 
defines the controller as either a master (which gener- resulting serial-bit-clock frequency, as shown in Table 
ates the serial clock on the SCL line) or as a slave 2. The software for a slave controller will set the bit 
(which does not). The TRX (Transmitter) bit defines clock to the frequency best suited to the controlled 
the controller as a sender or as a receiver. The BB (Bus peripheral. A master, however, may change the bit- 
Busy) bit indicates whether or not the bus is in use: A clock frequency as necessary to communicate with a 
start condition sets the BB bit, and a stop condition variety of peripherals on the bus. When bit 6 of register 
resets it. The active-low PIN (Pending Interrupt Not) S, is set to 1, an acknowledgment bit is generated. 
bit is set by the start of a byte transfer and is reset When bit 6 is reset to 0, acknowledgment generation is 
upon transmission of the associated acknowledgment. inhibited. 
The P can poll this bit in order to detect completion of Except for some I?C-specific instructions, the in- 
a transfer; alternatively, if the software has enabled the struction set for the controllers is similar to the one for 
serial interrupt, an interrupt will transfer control to the Intel 8048 (Table 3). You can, therefore, use any 
location 07H. standard 8048 assembler program, along with the mac- 
The lower four bits of register S, control the serial ros listed in Table 4, to assemble programs for the SCN 
I/O or provide status information about the serial I/O. 8400 and PCD 3343 8-bit microcontrollers. 
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NOTE: ALL VALUES ARE FOR CLOCK-PULSE FREQUENCY 
CONTROL WHEN USING A 4.43-MHz CRYSTAL 


“INDICATES THE ONLY VALUES THAT CAN BE USED 
IN THE LOW-SPEED MODE (ASC =1) 















TABLE 3—COMPARISON OF THE INSTRUCTION SETS FOR THE SCN8048 AND SCN8400 















SCN8400 FAMILY INSTRUCTIONS NOT IN THE SCN8048 INSTRUCTION SET SCN8048 INSTRUCTIONS NOT IN THE SCN8400 FAMILY INSTRUCTION SET 


CONDITIONAL DATA MOVES FLAGS BRANCH CONTROL 
SERIAL I/O REGISTER CONTROL BRANCH 



















MOVX A,@R *JNI addr ENTOCLK 
MOV A,Sn DEC @Rr SEL MB2 JNTF addr MOVX @R,A JFO addr 
MOV Sn,A DJNZ @Rr,addr SEL MB3 MOVP3 A,@A JF1 addr 
MOV Sn,#data MOVD A,P 





EN Sl 
DIS SI 


MPVD P,A 
ANLD P,A 
ORLD P,A 








“replaced by 
JTO, INTO 
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TABLE 4—SCN8400 MACROS FOR USE WITH AN 8048 ASSEMBLER 


LINE 


1 $MACROFILE 
2 ;MACROS FOR 8048 ASSEMBLER RECOGNITION 
3 ;OF 8400 COMMANDS 


35: PORT 0 INSTRUCTIONS 


52: DATA MEMORY INSTRUCTIONS: 


61 ‘SELECT MEMORY BANK INSTRUCTIONS 


70: CONDITIONAL JUMP INSTRUCTIONS 


83; END OF MACRO DEFINITIONS 
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MOVSOA 
DB 3CH 
ENDM 
MOVASO 
DB OCH 
ENDM 
MOVS1A 
DB 3DH 
ENDM 
MOVAS1 
DB ODH 
ENDM 
MOVS2A 
DB 3EH 
ENDM 
MOVSO 


DB 9CH,L 


ENDM 
MOVS1 


DB 9DH,L 


ENDM 
MOVS2 
DB 9EH,L 


DECARO 
DB 
ENDM 


DECAR1 
DB 
ENDM 


SELMB2 
DB 
ENDM 


SELMB3 
DB 
ENDM 


DJNZAO 
DB 
ENDM 


DJNZA1 


SOURCE STATEMENT 


MACRO 


MACRO 


MACRO 


MACRO 


MACRO 


MACRO L 


MACRO L 


MACRO L 


MACRO 


MACRO 
95H 


MACRO 
08H 


MACRO 
38H 


MACRO L 


88H,L 


MACRO L 


98H,L 


MACRO 
OCOH 


MACRO 
0C1H 


MACRO 
OASH 


MACRO 
OB5H 


MACRO L 
OEOH,L AND OFFH 


MACRO L 
0E1H,L AND OFFH 


MACRO L 
06H,L AND OFFH 


;MOV SO,A 


‘MOV A,SO 


‘MOV S1,A 


;MOV A,S1 


MOV S2,A 


“MOV SO,4#DATA 


“MOV S1,#DATA 


“MOV S2,#DATA 


“EN Sl 


‘DIS SI (Disable serial interrupt) 


IN A,PO 


‘OUTL PO,A 


‘ORL PO,#DATA 


“ANL PO,#DATA 


;DEC @RO 


‘DEC @R1 


;SEL MB2 


“SEL MB3 


;DJUNZ @RO,ADDR 


-DJNZ @R1,ADDR 


‘JUMP IF TIMERFLAG IS NON ZERO 
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Slaves having a device address and a 
subaddress interpret the first byte as the 
device address, the second as the subaddress, 
and all following bytes as data. 





The serial I/O instructions of the SCN 8400 move 
data to and from the S (data shift register and address 
register), S; (bus control), and S, (clock control) regis- 
ters. The clock line (SCL) of the serial bus has exclusive 
use of pin 3. Pin 2, however, is shared between the 
serial data line (SDA) and the parallel I/O signal P2; of 
port 2. Consequently, when the I°C interface is 
enabled, only three I/O lines are available to port 2. 


I’C bus arbitration 


Because the I°C devices’ serial-clock frequency is 
under program control, and because the clock circuitry 
is self-synchronizing, controllers having different clock 
speeds can access the bus without contention. During 
arbitration, the resultant clock on the bus has a low 
period equal to the longest of the low periods and a high 
period equal to the shortest of the high periods. If two 


SS 
ADDRESS ‘40H’ 


| START 
CONDITION 


MOV S1,#18H 
MOV SO0,#40H 


MOV S1,#0F8H 


CALL ACKWT: 


MOV A,#2AH 
MOV SO,A . 
CALL ACKWT: 
MOV S1,#0D8H 


masters attempt to drive the bus simultaneously, their 
data is ANDed; whichever master generates a low 
while the other is generating a high will win arbitra- 
tion. The resultant bus level will be low. 

The losing master withdraws from the bus and sets 
its arbitration-lost flag (the AL bit in register S,); it is 
then configured as a slave that can be addressed by the 
winning master during that master’s current operation. 
You can write subroutines in such a way that the 
software for any one of the controllers can regard other 
masters as transparent, so you can put several masters 
on the bus. 

To use the I°C bus effectively in your system, you’ll 
need to understand how to write software routines for 
driving the bus. Consider the transactions involved 
when a master addresses, and writes one byte to, a 
slave that has only a device address (Fig 4). At first, 


CONDITION 


| 
| 
stop 
| 


‘Initialize S1-Slave, Receiver, Bus not 
‘Busy, Enable Serial 1/O. 

;Preload SO with Slave’s address & 
‘R/W bit. | 

‘Invoke start condition & slave address 
;(Master, Transmitter, Bus Busy, Enable 
‘Serial 1/O, Bit Counter = OOO. 
‘Check for transmission complete, ack. 
;received, no arbitration, etc. 

‘Get a data byte. 

‘Transmit data byte. 

;Wait for transmission complete again. 
‘Generate Stop condition 

(Master, Transmitter, Bus not Busy). 





Fig 4—A simple instruction sequence performs a 1-byte data transfer from the master to a slave. The diagram shows the conditions of the 
data and clock lines for start, stop, read/write control, and acknowledgments. 
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you load data 18H into the master’s S register, initiali- 
zing the master to a known state (slave, receiver, bus 
not busy). 

To initiate the transfer, you’ll first have to load the 
master’s Sy register with the slave’s device address (in 
this example, 40H). The fact that the least significant 
bit of the address is 0 indicates that the transfer will 
take place from master to slave (ie, a write operation). 
To transmit this byte, preceded by a start condition, 
you'll have to set the MST, TRX, BB, PIN, and ESO 
bits of register S,. Because you want to generate eight 
clocks plus an acknowledge clock, set the bit counter 
(bits BC2) to 000. Loading 0F8H into register 8, sets 
all these bits correctly. The hardware now begins 
shifting the address byte out to the bus. 

The slave at bus address 40H recognizes that it’s 
being addressed and pulls the data line low during the 
ninth clock pulse. The ACKWT subroutine (Listing 1) 
continuously checks the status of the PIN bit in register 
S,. When this bit goes low, transmission is complete, 
and the subroutine then checks bit 0 (LRB), which is 
reset by the slave’s acknowledgment. 

If the LRB is still high, the slave has not acknowl- 
edged the address byte, and the JBO instruction trans- 
fers control to an error routine. If the LRB is low, 
indicating correct acknowledgment, the RET instruc- 
tion returns control to the calling routine. As an alter- 
native to polling the PIN bit, the software can enable 
the serial interrupt (using the EN SI instruction); the 
occurrence of the interrupt indicates that sending is 
complete and the software can then check the LRB for 
a proper acknowledgment. 

In a multiple-master system, the ACKWT subroutine 
must check other conditions. For example, you'll have 
to look for a possible arbitration-lost situation by check- 
ing the AL bit. If arbitration has indeed been lost, it’s 
possible that some other controller is addressing the 
master as a slave; you can see whether this situation is 
true by checking the AAS bit. If no other controller is 
addressing the master as a slave, ACKWT should 
directly transfer control to a routine that will attempt 
retransmission. } 

After a successful address transfer, a data byte is 
loaded into the accumulator (in this example, the con- 
stant 2AH is loaded by a Move Immediate instruction) 
and is then transferred to the S register. Because the 
control bit associated with the address called for a 
write operation, the hardware will automatically start 
sending this data byte. 

The software then calls the ACKWT subroutine once 
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LISTING 1 


MOV A,S1 ‘Get bus status word 
‘from $1. 

‘Poll the PIN bit 

‘until it goes low 
‘indicating transfer 
‘completed. 

‘Jump to BUSERR 
‘routine if acknowledge 
‘not received. 

‘transfer complete, 
‘acknowledge received—return. 


JB4 ACKWT 


JBO BUSERR 


RET 


more to check that the byte has been completely sent 
and acknowledged. The program terminates the trans- 
fer by loading OD8H into the S; register, resetting the 
BB bit, and thereby causing the hardware to generate a 
stop condition (ie, the data line makes a low-to-high 
transition while the clock line is high). This stop condi- 
tion resets the BB flag on all other controllers on the 
bus. At the addressed slave, the hardware transfers 
the received byte from the shift register to an output 
latch and holds it there until the slave software reads it 
via the local uP bus. | 


Reading one byte from a slave 

To read one byte from a slave that has only a device 
address, you can use a very similar instruction se- 
quence (Fig 5). The slave address is 41H instead of 
40H, the 1 in the LSB indicating a read operation 
instead of a write. The slave software calls the ACKWT 
subroutine, as in the write operation, to check for the 
slave’s acknowledgment of the address byte. However, 
the acknowledgment procedure for this operation is 
different from that for the write operation. In the read 
operation, the master can read any number of bytes 
from the slave and will generate a normal acknowledg- 
ment after each one except the last. 

The master must tell the slave when the read opera- 
tion is complete; it does so by generating a negative 
acknowledgment after the last byte, that is, by putting 
a high level on the data line during the ninth clock pulse 
of the last byte. To put a high level on the data line, the 
master leaves the acknowledgment mode just before 
the last byte; reads the last byte, generating only eight 
bit-clock pulses; prepares to send a 1-bit negative- 
acknowledgment pulse by loading the binary number 
001 into the bit counter of register S,; and finally moves 
the contents of register Sy into the accumulator. 
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You can use any standard 8048 assembler 
program, with some additional macros, to 
assemble programs for the SCN 8400 and 
PCD 3343 8-bit microcontrollers. 





This move instruction (MOV A,SO0) performs two 
functions simultaneously: it transfers the last byte into 
the accumulator for processing, and it produces one 
clock pulse on the SCL line. At this point, the data line 
is held high by the pullup resistor, so the slave inter- 
prets the final clock pulse as a command to terminate 
the operation. The final instruction executed by the 






SDA 


SCL 


ADDRESS = ‘41H’ 


| 
| 
| 
| stant 


| CONDITION 


| 
a 








MOV S1,#18H 


MOV S0,#41H 


— MOV S1,#0F8H 
CALL ACKWT 
MOV S2,#01H 


MOV SO0,A 


WAIT: MOV A,S1 


JB4 Wait 
MOV S1,#0A9H 


MOV A,SO 


MOV S1,#0D8H 


ACKNOWLEDGE , 


master software (MOV S1,#0D8H) generates a stop 
condition and frees the bus. 


Transferring multiple bytes 

Devices such as static RAMs or clock/calendar chips 
generally need to transfer multiple bytes in each opera- 
tion; furthermore, such devices generally require sub- 


‘NEGATIVE ACKNOWLEDGE’ 






DATA 


STOP 
CONDITION 


‘Initialize serial |/O control 
register. 

;Preload serial register SO 
with slave address and RD 
‘control bit. 

Send address to bus along with 
Start Condition. 

‘Wait for acknowledge (as 
;before). 

‘Leave acknowledge mode. 
‘Read data from slave to SO. 
;Test for byte received by 
‘testing S1 PIN bit. 

‘Wait until PIN received. 

‘Set Bit Counter to 1 and 
‘become a receiver (AQ = 
‘Mst,Rec,Bus Busy,Bit Counter = 
(001). 

‘Move data to accumulator and 
‘clock out a negative 
‘acknowledge. 

‘Generate Stop Condition. 


Fig 5—The instruction sequence for a master to read one byte from a slave is more complex than the sequence for writing one byte to a slave, 
because the direction of transfer changes after the transmission of the slave’s device address. 
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Because the software for any one of the 
controllers can regard other masters as 
transparent, you can put several masters on 
the bus. 


addresses to define a starting address for the transfer 
(RAM) or to allow access to a specific time or date 
register (clock/calendar). During a write operation on 
the I°C bus, the subaddress byte immediately follows 
the device-address byte and is automatically inter- 
preted by the peripherals as an internal address. 

To read three consecutive bytes from a PCB8571 
CMOS 128-byte static RAM, starting at RAM location 
QOH, you can use the instruction sequence in Listing 2. 
The master sends a start condition, followed by the 
device address and subaddress. A repeated start condi- 
tion, followed by the device address with the read bit 
set, reverses the direction of the transfer. The master 
now reads locations 00H through 02H of the RAM and 
puts the data in registers Ry through R». As in the 
operation shown in Fig 5, the master uses the ACKWT 
subroutine to send a normal acknowledgment after each 
byte except the last. To check reception of the last byte 
and to generate the negative acknowledgment that 


LISTING 2 


MOV S1, #18H ‘Initialize bus-status register 
‘Master, Transmitter, 
;Bus-not-Busy, Enable SIO. 
;Load SO with RAM’s chip 
‘address. 

‘Start cond. and transmit 
‘address. 

‘Wait until address received. 
‘Set up for transmitting RAM 
‘location address. 

‘Transmit first RAM address. 


MOV SO, #0A0H 
MOV S1, #0F8H 


CALL ACKWT 
MOV A,#00H 


MOV SO,A 


CALL ACKWT ‘Wait. 

;Set up for a repeated Start 
;condition. 

‘Get RAM chip address & RD bit. 


MOV S1, #18H 


MOV A,#0A1H 
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MOV SO,A 
MOV S1,#0F8H 


CALL ACKWT 
MOV A,SO 
CALL ACKWT 
MOV A,SO 


CALL ACKWT 
MOV RO,A 
MOV A,SO 


CALL ACKWT 
MOV R1,A 


MOV S2,#01H 
MOV A,SO 


MOV R2,A 
MOV A,S1 

JB4 WAIT1 
MOV S1,#0D8H 
MOV S2,#41H 


;Send out to bus 
;preceded by repeated Start. 


‘Wait. 

;First data byte to SO. 
;Wait. 

Second data byte to SO. 
;And First data byte to Acc. 
Wait. 

;Save first byte in RO. 
;Third data byte to SO 

;and second data byte to Acc. 
Wait. 

;Save second data byte 

in R1. 

Leave ack. mode. 


;Bit Counter = 001 for neg ack. 


‘Third data byte to acc 
;negative ack. generated. 
;Save third data byte in R2. 
‘Get bus status. 

;Wait until transfer complete. 
;Stop condition. 

;Restore acknowledge mode. 





signals completion of the transfer, the master uses the 
WAIT 1 sequence. 


Programs must provide for error handling 


In the routines described, the ACKWT subroutine 
checks to see that the slave acknowledges receipt of a 
byte sent to it. Failure of the slave to acknowledge may 
mean either that the slave malfunctioned or that noise 
on the bus prevented reception. In either case, your 
BUSERR error-handling routine, to which ACKWT 
will transfer control, must reinitialize the bus by issu- 
ing a stop condition. 

Other functions performed by the error handler will 
depend upon the requirements of your particular appli- 
cation; however, the error handler should, at the very 
least, repeat the transfer a certain number of times 
and, if the error persists, activate a backup device or 
signal a human operator. In either case, the error 
handler should identify the malfunctioning slave and 
the point in the program at which the failure occurred. 

If you're setting up a multiple-master system, you'll 
have to modify your software to detect and handle bus 
collision and arbitration. These modifications will de- 
pend largely on your application and the configuration 
of your system. EDN 
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IMPACT PROMs deliver 25-ns 
speed at industry-standard power. 


New Series 3 IMPACT™ PROMs from 
‘Texas Instruments make 16K-memory 
performance upgrades quick and easy. 
If speed is your most critical parameter 
in a high-complexity PROM, you can 
achieve it now without paying a power 
penalty. Just design in TI’s new 25-ns, 
175-mA IMPACT PROMs: The 
TBP38S165-25 (2K x 8) or the 
TBP34S162-25 (4K x 4). 

Or use the world’s fastest 16K regis- 
tered PROMs. TI’s TBP34R165-18 
(2K x 8), with a minimum address-to- 
clock setup time (t,,) of only 18 ns, is 
nearly 2% times faster than the closest 
competitor. And the TBP34R162-30 
(t,, =30 ns) is the only 4K x 4 regis- 
tered PROM on the market. 


Standard speed 
at 43% less power 


You can also cut power without sacrific- 
ing speed, using Tl’s new TBP38L165-35 
IMPACT PROM. It is pin-for-pin 
compatible with existing 2K x 8 PROMs 
and operates at the same 35-ns speed, 
but instead of 175 mA, it draws only 

100 mA. TT's broad family of Series 3 
IMPACT PROMS also includes 256-bit, 
IK and 2K devices. 


Reliability built in 

IMPACT PROMs are designed by TI 
for exceptional reliability. Current den- 
sities, metal spacing, and contact sizes 
are all conservatively designed. Electro- 
static-discharge tolerance up to 4,000 V 





Bracketing the speed/power spectrum, TI’s IMPACT PROMs cut power requirements from 


is designed in. During programming, 
TI-developed titanium-tungsten fuse 
links insulate themselves with titanium- 
oxide caps. Electromigration is elimi- 
nated by copper-doped aluminum in 

the first-level interconnection. And you 
can program any of Tl’s new Series 3 
PROMs on widely available commercial 
equipment, using TI's standard Series 3 
programming algorithm. 





hift 32 positions in less 
than 29 nanoseconds. 





Now TI’s 2-wm IMPACT technology 
also brings you high-speed “flash-shift” 
operations — with the new 74AS8838 
32-bit barrel shifter. Shifting as many as 
32 positions in a single 29-ns instruc- 
tion cycle, it can dramatically increase 
throughput in such applications as 
graphics systems, wide-word CPUs, and 


array processors. At an energy cost of 


less than 1.5 W, you get higher speed 
with lower power, in a single 84-pin 
ceramic pin-grid-array package. 

You can program the 74AS8838 for 
logical, circular, or arithmetic shifts. Its 
two 3-state, 16-bit outputs give it the 
versatility to be configured as a 32-bit- 
in, 32-bit-out barrel shifter, as a 16-bit 
funnel shifter, or as a 16-bit shifting 
transceiver. And it can drive buses di- 
rectly with 24-mA low-level output — 
with no additional circuitry. 


The 74AS8838 barrel shifter, first 


180 to 100 mA for “standard” 35- to 45-ns access time. Or at 180 mA, they can give you 


25-ns speed. 





device in TI's 74AS88XX 32-bit pro- 
cessor chip set, is available today 
through your local authorized Texas 
Instruments distributor. 





MPACT technology 
doubles speed of new 


PAL ICs. 





Four new exclusive-OR programmable- 
array logic (PAL®) ICs from TI feature 
the highest speed available today. Their 
20-ns propagation delay at 180 mA 
makes them twice as fast as any com- 
parable devices. 

These devices — TIBPAL20L10-20, 
TIBPAL20X4-20, TIBPAL20X8-20, 
and TIBPAL20X10-20 — are designed 
primarily for counter-intensive applica- 
tions. The exclusive-OR feature suits 
them ideally to digital voice applica- 
tions and video-screen information cor- 
rection. They can also be useful in 


memory addressing and mapping. 

P rogrammable logic 
sequencer is 250% 

faster because of IMPACT 


processing. 











Still another new product in TI's grow- 
ing line of high-speed programmable 
logic devices is the TIB82S105B. At 
50 MHz, it is 2% times as fast as func- 
tionally equivalent 16 x 48 x 4 field- 
programmable logic sequencers — at 
the same 180-mA power. Unlike them, 
however, it maintains that speed even 
when using many product terms. 

Because of its improved clocking 
scheme, the IMPACT TIB82S105B is 
not a direct replacement for the TI or 
Signetics N82S105A. But it is ideal for 
those new high-speed state machines 
designed to control peripheral I/O, 
dynamic memory systems, and video 
blanking systems. 

For more detailed information 
about any of TI's growing line of high- 
speed, low-power IMPACT products, 
just check the appropriate box on the 
attached reply card and return it to TI. 





High-density IMPACT circuits 


speed logic, memory access. 





Tl ’s unique Implanted 
Advanced 


Composed Technology 
(IMPACT) capitalizes on 
the advantages of ion 
implantation, oxide 
isolation, and composed- 
masking techniques to 
increase the speed and 
density of bipolar ICs. 


a 


This innovative technology dramatically 
reduces the size and the sidewall capaci- 
tance of circuit elements (see diagram). 
As a result, speed/power ratios are sig- 
nificantly improved: In PROMs that cut 
power consumption by 43%, or more 
than double the speed (see story op- 
posite). In PAL ICs that reduce propaga- 
tion delay by as much as 40% — to 
only 15 ns at 180 mA. 

With the high speed and low power 
that TI’s IMPACT process makes feasi- 
ble, its potential for large-scale integra- 
tion will reduce package counts in 
many high-complexity circuits. 


Composed masking 

yields high density 

In composed masking, critical 
components are defined on the 
chip with a minimum number of 
masks. Thus they can be more 
tightly defined and more 
densely spaced than by 
conventional 
masking. 


A major reduc 
processing makes possible. Silicon dioxide is the isolation material. Switching speed is 
further enhanced by utilizing this silicon dioxide for emitter and base sidewalls. 


The IMPACT process also makes it 
possible to insulate critical base 
and emitter components 
with oxide walls. This 














P- SUBSTRATE 


tion in capacitance results from the 2-wm feature size which TI's IMPACT 


the increase in switching speed. 


DRAM technology 


spurs IMPACT erowth 

The IMPACT process is not a direct 
descendant of DRAM technology. Nev- 
ertheless, Tl’s commitment to DRAM 
production has provided IMPACT tech- 
nology with vital processes. 

It was the DRAM effort, for exam- 
ple, that drove photolithography to its 
present advanced state and contributed 
key dry-etching processes. Ion implant- 
ers designed to produce CMOS 
DRAM ICs enhance the quality — 
and the economy — of TI’s bipolar 
IMPACT ICs. And this vital “cross- 
fertilization” from VLSI memory is one 

os reason Texas Instruments — almost 
wa a alone among U.S. semiconductor 

ie manufacturers — is committed to 
the development and manufacture 


of DRAM devices. 


insulation reduces sidewall 
capacitance, which, at 
the 2-m dimensions 
of IMPACT features, can 
represent as much as half 
the overall capacitance. 
Small size and oxide 
walling together con- 

tribute significantly to 





4 More chips per slice help cut 
costs. The 150-mm wafers now 
used on TI’s advanced MOS 256K 
DRAM wafer-fabrication line have 
125% more area than the 100-mm 
slices formerly used. 


your competitive edge. 


aa 


kK eeping you 
competitive: 
ASICs and TI. 





If you’re looking for increased system- 
level integration and performance, 
shorter design-cycle time, and reduced 
VLSI development costs, take a hard 
look at application-specific integrated 


circuits (ASICs). And a long look at TI. 


Broad choice lets you pick the 
right implementation 
Texas Instruments supports an extersive 


library of 3-~m CMOS standard cells — 


more than 200 of the standard SN54/74 
TTL functions you have designed with 
for years — including MSI, analog, and 
procedural LSI functions like RAM, 
ROM, PLA, and ALU. In addition, 
high-drive cells (up to 48 mA) are true 
TTL replacements. 

From TI's new family of advanced 
standard cells you'll be able to choose 
among more than 280 functions and 
achieve increased system integration 
and performance. 


TEXAS INSTRUMENTS 





ASIC TECHNOLOGY ROAD MAP 


GATE DELAY — ns 


GATES 


Or for the performance you need, 
and quick turnaround to get your prod- 
uct to market fast, there’ TI’s DLM 
TAC-H and TAC-VH silicon-gate 
CMOS gate-array family. These de- 
vices, fully alternate-sourced, offer com- 
plexities from 440 to 8,000 gates. 


Extensive design support 
Whatever level of help you need, you 
get it from TI. In your design cycle as 
well as in meeting your prototype and 
production requirements on time. TI's 
proven expertise and worldwide man- 
ufacturing facilities are your assurance 
of dedicated support and products in 
the volume you require. And you have 
a wide range of package options: DIPs, 
SOs, PLCCs, pin-grid arrays — from 
8 to 179 pins. 


Design your own way 

You can reduce your costs and speed 
your ASIC design with TI because 
you don’t need special proprietary 
software or design tools. And you can 
do it at a TI regional design center or 
at your own work station. Because T]’s 
cell libraries are supported by most 
work stations, including Daisy LOGL 
CIAN®, MEGALOGICIAN®, and 








Advancing technology in ASICs need not demand new rules and tools. Your investment 
in hardware and training is protected when you move up with Texas Instruments to faster, 


more complex ASIC functions. 
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N ew series of input- 
latched and registered 
PAL ICs lowers parts 


counts. 





Eight new 30 MHz PAL devices 
from TI are the first input-latched 
(TIBPALT19XX) and input-registered 


(TIBPALR19XX) PAL ICs in the mar- 
ketplace. Functionally similar to TI’ 
TIBPAL20XxX series, they include 
either 11 D-type transparent latches or 
11 D-type input registers on chip. This 
added circuitry allows you to syn- 
chronize inputs without external regis- 
ters or latches. These devices can 
reduce your parts counts and simplify 
your design task in a wide range of 
applications such as random logic, bus- 
interface logic, and input synchroniza- 
tion to custom controllers. 


GATEMASTER®; Mentor IDEA 
1000®; Valid SCALDsystem®; and 
P-CAD® and FutureNet® in IBM PC® 
environments. 

TI's worldwide network of 13 train- 
ing and design centers, staffed with 
experienced ASIC design engineers, 
can provide access to work stations, as 
well as mainframe capability. And 
you can learn ASIC design in one of 
TI's unique hands-on workshops. 
Using TI’s semicustom libraries with a 
real-world standard-cell example, 
you'll learn every phase of design 
from schematic capture through test- 
pattern generation and simulation. 

Select TI distributors can also give 
you local access to TI’s leading-edge 
ASIC options, with dedicated facili- 
ties, tools, and trained engineers. 

To find out more about what TI 
ASICs can mean to you, check the 
appropriate box on the return card. 


A nd now, a new, 
easy-to-use EPROM 


microcomputer. 





TT's new TMS7742 EPROM microcom- 
puter can Cut to zero your lead time for 
development, prototyping, field tests, 
and product qualification. And it 
bridges the gap to ROM-based volume 
production. For low-volume applica- 
tions, it can be a cost-effective alter- 
native to mask-programmed ROM. Its 
4K bytes of on-chip EPROM are identi- 
cal to TI’ TMS2732A — transferred 
into the chip area vacated by masked 
ROM. So if you can program the 
T™MS2732A you can program the 
TMS7742. This new microcomputer 
provides EPROM capability for the 
TMS7020, the TMS7040, and the new 
TMS7042 ROM microcomputer. 

Also new to TI’s’ TMS7000 family is 
the ROM-less TMS7002 micro- 
processor. Both the TMS7002 and the 
TMS7042 feature 256 bytes of RAM, a 
serial port for USART and serial I/O 
functions, 32 I/O lines, and three 
timers. And with their 60% perfor- 
mance increase over earlier TMS7000 
ICs, they can improve system perfor- 
mance in such applications as disk and 
tape drives, printers, and industrial and 
motor controls. 





8 new ways TI can help sharpen 
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new alternative for 
memory-systems 


lesign: TI SIP DRAM 
nodules. 





Aemory-intensive packaging for the fu- 
ure is available today — in TI’ highly 
eliable modules in single-in-line pack- 
ges (SIPs). With them you can have 
he many advantages of surface-mount 
echnology (SMT) — while using 
hrough-hole-mounted or 
ocketable packages. Thus gy 
vithout changing your man- & 
facturing technology, you 
an increase memory density 
yy a factor of up to 3.5 over 
jual-in-line packages (DIPs). And you 
-an simplify board layout while facil- 
tating replacement and future upgrades. 
Each SIP module uses DRAM chips 
plastic leaded chip carriers (PLCCs), 
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[ose performance 
enhanced by TI. 


Also new from Texas Instruments is an 
mproved direct replacement for the 
JCN5812 vacuum fluorescent display 
Iriver. TI’s TL5812 is 11% faster and 
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E ast line drivers and bus 


transceivers from TI. 





In the new SN75ALS192/194 quadru- 
ple EIA Standard RS-422-A differential 
line drivers, TI’s exclusive ALS 1.5 pro- 
cess technology (oxide-isolated Ad- 
vanced Low-power Schottky) yields the 
best speed/power ratio in the industry: 
At approximately half the power con- 
sumption, these devices are 30% faster 
than the competition. 

A new family of differential bus 
transceivers, SN75176B, 177B, 178B, 
and 179B, are faster than earlier ver- 
sions. Designed for bidirectional com- 
munication on multipoint transmission 
lines in noisy environments, they meet 


surface-mounted along with decoupling 
capacitors on an epoxy substrate. Since 
all connection points are on one edge 
of the substrate, the module “stands on 
end” to make the most of your board 
area. 

TI’s full line of SIP memory modules 
__ from 64K x 4 to 256K X9 and 
IM X 1 — includes standard DRAMs 
and Multiport Video RAMs in various 
organizations. And all are available 
through your authorized Tl distributor. 

For more information, just check the 
appropriate box on the reply card. 
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Memory can be 3.5 times denser using 
fully-qualified, production-proven RAMs 
configured in SIP modules. TI SIPs com- 
bine the density of surface-mount tech- 
nology with economies of through-hole 
n insertion. 


draws 60% less current. With an 
output voltage swing of 70 V and an 
output source-current capability of 
40 mA. 

Only TI’s patented BIDFET tech- 
nology — combining bipolar, double- 
diffused MOS (DMOS) and N-channel 
and P-channel CMOS transistors on 
the same chip — makes these improve- 
ments possible. And at a competitive 
price. 


EIA Standards RS-422-A and RS-485. 
Typical propagation time is only 22 ns. 
Want to know more about these new 
interface products from TT? Just check 
the appropriate box on the reply card. 


INDUSTRY’S FIRST ADVANCED LINE DRIVERS 
USE ALS TECHNOLOGY 


loc — MA (ALL DRIVERS) 
s 
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Advanced TI line drivers are 30% faster, 
typically draw only half the power of the 
devices they are designed to replace. 
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KE ast, economical 
new 8-bit SAR 


A/D converters. 





Now Texas Instruments offers 8-bit 
SAR (serial-approximation resolution) 
A/D converters that are as economical 
as any you can use. And because they 
use LinCMOS™ polysilicon-gate-process 
technology, they are unsurpassed in 
speed. TI's TLC549 analog-to-digital 
converter performs 40,000 conversion 
cycles per second (cps), while the new 
TLC548 pushes speed to an unprece- 
dented 45,500 cps. At any supply volt- 
age between 3 and 6 V. And typical 
power consumption is only 6 mW. 
Performance of the serial-approxima- 
tion algorithm is not only fast. It’s accu- 
rate: Conversions are performed with 
the guaranteed low error rate of +0.5 
LSB (least significant bit) across the 
temperature range from — 55° to 125°C. 


a 
681 rarer ie 


with 1.2.1. 


ea 


Now designers of military electronics 
have the broadest choice ever of devices 
that comply with the requirements of 
MIL-STD-883C, Paragraph 1.2.1. The 
vast majority of TI's military ICs — 681 
different devices — now qualify: 





Product Type Number 
ALS/AS 83 
TTL 131 
LS/S 238 
HCMOS 80 
PAL ICs 16 
Linear 113 
Memory/LSI 19 
MOS DSP _ 

TOTAL: 681 


For more detailed information on 
specific TI military devices, just check 
the appropriate box on the reply card. 





Texas Instruments quality 
recognized in Tokyo and Detroit 


Outstanding Texas Instruments quality- 
assurance programs were lauded during 
1985 both at home and abroad. In 
June, Ford Motor Company granted TI 
linear products the coveted Q1 Award. 
And in November, TI's wholly owned 
Japanese semiconductor operation re- 
ceived the prestigious Deming Prize. 
Both awards recognize exceptional 
levels of quality and reliability, 
achieved through aggressive defect- 
prevention programs. 





Electrical and Eléctronices 
Division 


semiconductor supplier 
Ford Motor Company’s Q1 Award to 
Texas Instruments Linear is the first 
ever to a major U.S. semiconductor 
manufacturer. 

Qualification is based on a demon- 
strated defect-prevention program, 






First Ford Q1 Award to a 


along with Ford’ review of warranty 
returns, specifically keying part num- 
bers to failures. Thus it recognizes both 
initial product quality and continuing 
reliability. 

Both quality and reliability are at- 
tributes that TI Linear has pursued 
aggressively through its “monitor pro- 
gram,” begun in 1979. The goal of the 
program has been to achieve levels of 
quality and reliability equal to or better 
than the best worldwide competition. 
And the Ford Q1 Award is one visible 


token of its success. 


First U.S. winner of 
Japan’s Deming Prize 

t ceremonies on November 11 in Tokyo, 
the Japanese Union of Scientists and 
Engineers awarded the prestigious Deming 
Prize for total quality control to TI’ bi- 
polar semiconductor operation in Japan. 

The prize, never before won by a 
wholly U.S.-owned company, recog- 
nizes outstanding quality-control 
achievement in all aspects of business 
— including marketing, engineering, 
manufacturing, and support. It is 
named for W. Edwards Deming, the 
American statistician whose work in 
defining and measuring quality control 
in Japan after World War II became the 
basis for the legendary Japanese com- 
mitment to quality. In 35 years, the 
Deming Prize has been awarded to only 
48 individuals and 111 institutions. 
Texas Instruments Japan, Ltd. was one 
of only eight companies so honored 


in 1985. 





As is the case with the Ford Ol 
Award, sensitivity to customers’ require 
ments is a key factor in selecting win- 
ners of the Deming Prize. TI’s successfi 
commitment to quality and reliability 
in support of all our customers’ needs 
has been demonstrated twice again. 
And T] is justifiably proud of this 


achievement. 
SS 


IMPACT and LinCMOS are trademarks of Texas 
Instruments Incorporated. 

FAL is a registered trademark of Monolithic 

Memories, Inc. 

LOGICIAN, MEGALOGICIAN, and GATEMASTER 
are registered trademarks of Daisy Systems Corporation. 
IDEA 1000 is a registered trademark of Mentor 
Graphics. 

SCALDsystem is a registered trademark of Valid Logic 
Systems Incorporated. 

P-CAD is a registered trademark of Personal CAD 
Systems Inc. 

FutureNet is a registered trademark of FutureNet 
Corporation. 

IBM PC is a registered trademark of International 
Business Machines Corp. 





More news upcoming from TI in the next issue: 


@ A new CMOS version of TI trend- 
setting TMS320 Digital Signal 


Processor, 


© More new additions to TI’ growing 


family of IMPACT PAL ICs. 


27-5296 
© 1986 TI 


@ New CMOS standard cells and gate 


arrays that augment TI’ leadership in 
Application-specific Integrated 
Circuits (ASICs). 


@ And more ... 


For more information... 


Check the appropriate square on the 
reply card, or write Texas Instruments 
Incorporated, Department SY093, 
P.O. Box 809066, Dallas, Texas 
75380-9066. 
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Creating useful products 
and services for you. 




















sil AUS STAR VAR e SOR RIAA AHS OIST AR URISTARSRAU AISI IAYAA OES RE ISIE IS RP JALooly toned tin anbelLoln lo nnadipse eRe gre Aa apaAEREpIOrA EPEAT 


























> ' > 
. >i a "y = | 
7 | ~aumk | 
Dy | 
= UO CAINS YW Mil 
MICrONrocess 
PHN UM Wu 
{ > 
| > Wo 





| RAani rari ira 
aaa Mianultat wre 
{CTT *\ an, 
it | Dh IG em 
| 
venaor COrm|pe 





o 














Lory 
“ 

ik 

| Xx 


HOW TO RESPOND 


978 MICROSECONDS FASTER 
THAN THE ENEMY. 





It’s only the blink of an 
eye. Not even that. 

But an awful lot can 
happen in the blink of an 
eye these days. 

And to get that crucial 
edge is very easy. Just see 
to it that the military grade 
microprocessor you design 








in has complete hardware 
support for multitasking 
built right into the chip. 

Ours does. So it's lots 
faster than trying to do task 
switching in software. 

978 microseconds faster, 
to be exact. 

Which means you can 
complete a full task switch 
in 22 microseconds flat 
(at 8 MHz). Instead of the 
millisecond it can take 
with a software solution. 

98 percent more 
time for your sys- 
tem to respond. 
Giving you the 


advantage you oe Ln 
need in an 
increasingly 
demanding tacti- 
cal environment. 

And because our M80286 
chip is based on Intel's 
high-performance M8086 


microprocessor architec- 
ture, you are assured of the 
most powerful and easily 
upgradable engine avail- 
able for military designs. 
Included in the CPU is a 
memory management unit 
that equips the M80286 
with hardware support for 
virtual memory and soft- 
ware protection. Making it 
ideal for military applica- 
tions that require process- 
ing of massive amounts 
of information. 
Performance is enhanced 
by exclusive pipelining 
features that eliminate 
delays in execution time. 
So the M80286 can do more 
instructions per clock than 


©1986 Intel Corporation 


Traditional Technique 


Memory 
oe Ln 
ment 
Logic 


any other CPU. 

System throughput can 
be further increased with 
our broad base of periph- 
eral products. Such as our 
80287 coprocessor and 
82720 graphics controller. 
These chips are specifically 
designed to offload the 
numerics and graphics 
functions from the CPU. 

In addition, the M80286 
is optimized for higher level 
languages such as ADA. 


ACHIEVING PERFORMANCE MEMORY MANAGEMENT 


M80286 Technique 


M80286 Memory 


M80286 integrated Context Switch, memory management and protec- 
tion offers a fast, consistent, and highly portable multitasking solution. 


With ADA 286, designers 
can get greater systems 
flexibility and maximum 
performance. 

And tomorrow? As your 
military system require- 
ments grow, an upgrade 
path based on the same 
high performance architec- 
ture of our M80286 will be 
available with our 32-bit 
M80386 microprocessor. 

For further information, 
call toll-free (800) 548- 
4725. Or write Intel Corpo- 
ration, Lit. Dept. W281, 
3065 Bowers Ave., Santa 
Clara, CA 95051. 

We'll get back to you. 
Faster than you can blink 
an eye. 
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cost-effective 
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gang... 
documentation ® «.,, . 
throughout the 
manufacturing 
cycle. 
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assistance. 


Reliable produet 
performance. 


Duracell Batteries Pack 
Much More Than Power. 
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Get the edge in military applications for primary battery power, Duracell was first with mercury 
primary batteries. cells... pioneered alkaline manganese development... 
and today, high energy, lightweight DURACELL® 

Make Duracell part of your design and engineering Lithium Batteries represent the state-of-the-art in prima- 

team. Duracell’s experts can provide a detailed ry power for military applications. 

comparison analysis of the characteristics of lithium For all of your standard and custom battery needs, 

sulfur dioxide, lithium manganese dioxide, alkaline give yourself the edge with Duracell — the world leader 

manganese dioxide, mercuric oxide, silver oxide, and In primary battery advances for more than four decades. 

zinc air batteries. And they can assist you in making the For more information or a consultation, call or write 

best, most cost-effective choice for any application. today. Duracell Inc., Berkshire Industrial Park, Bethel, 
Recognized around the world as the pioneer in CT 06801. Phone 1-800-431-2545: telex 697-2165. 


DURACELL INC. 


Government Sales & Marketing Group 
CIRCLE NO 144 
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Designer’s Guide to: 
Linear control-system theory—Part 1 





Apply control-system 


theory to analyze 


closed-loop systems 








Dynamic signal analyzers (DSAs), which analyze 
signals in both the time and frequency domains, aid 
you in taking control-system measurements and in 
performing other steps in system development, such 
as analysis, modeling, and design. Part 1 of this 
3-part article presents an overview of classical linear 
control theory. Part 2 will examine both old and new 
methods of taking the actual measurements, and part 
3 will explore the expanded role of DSAs in the con- 
trol-system design process. 


OO 


Steve Asbjornsen and Owen Brown, 
Hewlett-Packard Co 


Control-system development is largely a study of the 
operating characteristics of devices and the ways in 
which the devices interact when combined in a system. 
You can apply linear control-system theory to analyze 
any system that uses deliberate guidance or manipula- 
tion to achieve a specific value for some variable, 
whether it’s electrical, mechanical, or biological. These 
systems can range from configurations as simple as 
Watt’s flyball governor to networks whose analysis 
requires calculations that only a computer can handle 
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adequately. Examples of familiar control systems in- 
clude motor-speed controls, pacemakers, voltage regu- 
lators, switching power supplies, and phase-locked 
loops. 

The most fundamental distinction in control theory is 
the classification of systems. Without exception, sys- 
tems fall into two categories: open-loop and closed-loop 
systems. Open-loop control systems (Fig la) are ones 
that use a controller that has no feedback from the 
output. These systems can’t take corrective action to 
alleviate undesired changes in the output. Closed-loop 
systems (Fig 1b) are ones whose output is fed back and 
compared with the input in such a way as to maintain 
the desired output. This series of articles will consider 
only closed-loop systems. 

You can represent any closed-loop system with the 
standardized diagram shown in Fig 1b. In the diagram, 
the output C (the directly controlled variable) feeds 
back through a functional block with transfer function 
H and is compared with reference signal R at a sum- 
ming junction. The difference between R and the 
feedback signal (B) is the error, or actuating signal (EF). 
The reaction of the components represented by G in 
response to error signal E maintains the output at the 
desired level. 

If controlled variable C is fed back to the summing 
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ne ee 
An understanding of classical measurement 
methods for control systems aids you in 
using dynamic signal analyzers for design, 
modeling, analysis, and test. 








Fig 1—The two basic configurations for a system are the open-loop 
(a) and closed-loop (b) configurations. In an open-loop system, 
variations in the output go undetected; in a closed-loop configura- 
tion, feedback from the output maintains the desired output charac- 
teristics. 





Junction without any modification, transfer function H 
will equal one. A system in which H is 1—ealled a 
unity-feedback control system—is the easiest type of 
system for designers to analyze. These block diagrams 
will help you model a system. To evaluate the system’s 
performance, however, you'll need criteria by which to 
judge it. 

You need to know, for example, how quickly the 
System achieves the desired output level and whether 
the system can maintain that level with little or no 
variation. Control-system designers’ need for this basic 
information led to the first serious study of negative- 
feedback control systems and ultimately to the develop- 
ment of classical linear control theory. 

The first attempts to analyze systems, which were 
speed regulators on steam engines, took place in the 
19th century and involved the use of differential equa- 
tions. To make the equations as easy as possible to 
solve, engineers selected a small group of standard 
inputs that were easy to express mathematically. Chief 
among these inputs was the step forcing function. Not 
only was this function simple to express, but it was easy 
to implement physically, so it permitted the engineer to 
compare analytical results with measured results. 

By using information derived from this step-response 
technique, you can measure both the speed with which 
a system reacts to a change in input (rise time) and the 
degree to which the system temporarily exceeds the 
desired output level (maximum overshoot). The infor- 
mation also indicates settling time, which is the time it 
takes for a system to reach a new output level within a 
given error band (Fig 2). 
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Fig 2—This output waveform, a typical response of a system to a 
step forcing function, can help you evaluate the stability of the 
system. The overshoot and ringing are good indicators of the system’s 
stability. Settling time to within a given error band is an amportant 
parameter for linear amplifiers and D/A converters. 
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A system’s settling-time spec indicates the relative 
stability of that system. For example, a system that 
oscillates around the steady-state value for long periods 
of time is considered to be less stable than a system 
whose oscillations die out relatively quickly. A system 
whose response oscillates indefinitely at either a con- 
stant or an increasing amplitude after the system has 
been excited by a step input is considered to be unstable 
(Fig 3). 

Although measuring time-domain responses allowed 
engineers to verify system models and obtain useful, 
easily extracted performance information, this method 
provided few clues to how they could improve a sys- 
tem’s performance. Further, as systems became more 
complex, the solution of the integrodifferential equa- 
tions used to model them grew correspondingly diffi- 
cult. Solving these equations became somewhat easier 
in 1899, however, when Oliver Heaviside introduced 
partial-fraction expansion techniques. Heaviside’s dis- 
covery made it possible to use Laplace transforms to 
simplify the solution of large differential equations. 


The Laplace transform 


The Laplace transform is the integral of the product 
of the variables f(t) and e~“. The variable s is complex; 
it has a real component (c) and an imaginary component 
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(jw). The transformation of a system’s transfer function 
results in a ratio of polynomial expressions in s. In this 
format, many of the time domain’s complex calculations 
become simple algebra problems. 

Of particular interest to engineers are values of s 
that would cause either the ratio’s numerator or denom- 
inator to equal zero. Values that set the numerator to 
zero force the function represented by the ratio to equal 
zero in the Laplace domain. These values of s are called 
zeros. Values of s that cause the denominator to equal 
zero force the function represented by the ratio to equal 
infinity in:‘the Laplace domain. These values are called 
poles. Poles are of special significance: When you trans- 
form a function back into the time domain to predict the 


STABLE 


UNSTABLE 


Fig 3—A system’s settling characteristic in response to a step- 
function input shows how stable the system is. The more ringing 
there is around the waveform’s final value, the less stable the system 
is. Inan unstable system, the ringing never stops, but instead builds 
up to oscillation. 


system’s response, the real part of the pole determines 
the exponents of the response. If an imaginary part of 
the pole exists, it becomes a frequency component of at 
least one term of the response. 

In addition, you can use the real part of the poles to 
determine the system’s stability without having to 
transform the calculations back into the time domain. 
Poles with positive real values indicate positive expo- 
nents in the time domain; therefore, they indicate 
instability of the control loop. 

These Laplace-transform methods were sufficient to 
solve control-system problems until the early part of 
the 20th century. With the development of the vacuum 
tube and large electronic systems, however, the compu- 
tational aid of the Laplace transform became inade- 
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LOOP EQUATIONS: 


_ 
= 


E=R-B 


C=EG 

C=GR-GB 

C=GR-GCH 

C(1+GH)=GR 

C/R=G/(1+GH)=CLOSED-LOOP TRANSFER FUNCTION 





Fig 4—Simple multiplication, addition, and subtraction yield the 
transfer function for a closed-loop control system. The model applies 
equally well to locomotives and operational amplifiers. 


quate for system evaluation. In particular, Harold 8 
Black’s use of negative feedback in electronic-amplifier 
design in the late 1920s spurred engineers to look for 
more powerful analytical tools. 


From Laplace to Nyquist 

In the early 1930s, Harry Nyquist discovered that 
the solution to the problem of analyzing complex sys- 
tems lay in the frequency domain. His analysis was 
built upon the extension of several familiar concepts. 
By expressing the elements of the control loop as 
transfer functions (ie, the Laplace transform of the 
output divided by the Laplace transform of the input), 
simple algebra could provide an expression for the 
input/output relationship of a system. 

By using the block diagram in Fig 1 and letting C, E, 
R, and B represent the Laplace transforms of the 
signals appearing at the lettered points in the system, 
you can express the input/output relationship of a 
closed-loop system as C/R=G/(1+GH) (Fig 4). This 
expression is known as the closed-loop transfer func- 
tion. Reduced to its simplest form, the expression is 
itself a ratio of polynomials in s. 

From previous work in the Laplace domain, engi- 
neers already knew that the poles of this closed-loop 
transfer function would determine the stability of the 
system. If you look for the closed-loop poles (ie, values 
of s that force 1+GH to zero), you see that the GH term 
contains all the information regarding the poles’ where- 
abouts (see box, “Polynomials within polynomials”). 
Therefore, the key to determining the stability of a 
system is knowing whether any of the values of s that 
make GH equal —1 (ie, the closed-loop poles) have 
positive real parts. 
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oe term: determine the poles of the 

. a closed-loop transfer function. 
Note also that the zeros of the 

closed-loop transfer function are 

the roots of the equation | 

. Gr(s)Hals)= 0. 
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If you could measure GH at each value of s you could 
simply determine when GH equals —1 and record those 
values of s. Unfortunately, the only values of GH you 
can physically measure are those values of s for which 
the real part equals 0O—ie, GH(0+jw), which is common- 
ly expressed as GH(jw). All other values of s simply 
provide an analytical model for understanding how a 
system’s components will affect its time- and frequen- 
cy-domain responses. Evaluating GH(jw) provides the 
input/output relationship of the device, typically in the 
form of gain and phase shift as a function of frequency. 
GH(w), therefore, is called a frequency response, and 
it represents the frequency-domain characteristics of 
the system. 


Nyquist’s stability criterion 

Using only the information from evaluating GH(jw), 
Nyquist had to determine whether there were any 
values of s (having positive real parts) that satisfied the 
equation GH(s)=—1. Of course, if GH(jw)=—1 at some 
frequency w,, then it’s clear that a closed-loop pole 
exists at s=(0+jw;). But determining whether there 
were other closed-loop poles having positive real parts 
was not easy. 

Nyquist’s contribution lay in his discovery of a tech- 
nique in which the closed-loop system’s measured open- 
loop frequency response could be used to determine the 
existence of any closed-loop poles with positive real 
parts. The mathematical proof behind Nyquist’s stabili- 
ty criterion is not intuitively obvious. However, the 
graphical representation of this discovery, known as a 
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Nyquist diagram, is simple to use, and it was soon 
adopted by the engineering community. 

In a Nyquist diagram, you plot a system’s open-loop 
frequency response on a graph whose coordinates rep- 
resent real and imaginary components. To derive this 
trace, you measure device response at a number of 
different frequencies. To complete the Nyquist dia- 
gram, you also plot the complex conjugate of the 
response on the same graph, typically using dashed 
lines (Fig 5a). 

Nyquist’s criterion states that if you affix the tail of a 





Fig 5—The Nyquist diagram (a), a tool for ‘ fegueniy dance 
analysis of a system, is a plot of the system’s open-loop frequency 
response and its complex conjugate. To determine the number of 
closed-loop poles with positive real parts, count the number of net 
rotations of vector V; in b. 
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a 


Closed-loop systems compare input signals 
with feedback signals in such a way as to 
maintain a precisely controlled outputlinput 
relationship. 





a cannon aaa 


vector to the point representing —1+j0, allow the head ed—one from point —1+j0 (V;) and the other from the 
of the vector to trace the entire path created by the origin (V2)—to extend to the curve GQw). 

open-loop frequency response and its complex conju- V, thus represents the term 1+G(Qw), and V2 repre- 
gate, and then count the net revolutions (N) of that sents G(jw). The vectors’ heads are placed on the 
vector, you can determine whether the system has any open-loop frequency response. You can use simple vec- 
closed-loop poles with positive real parts (Fig 5b). tor algebra (V,/V;) to calculate the input/output rela- 

The stability criterion actually determines the differ- tionship of the closed-loop system at the corresponding 
ence (N) between the number of zeros (Z) and the frequency. 
number of poles (P) of the term 1+GH(s), using the As an alternative to calculating the ratio of the 
equation N=Z—P. In systems for which P=0 (whichis vectors at many frequencies, graphical tools called 
often the case), N=Z, which is the number of poles that magnitude contours and phase contours were devel- 
have positive real parts in the closed-loop transfer 
function. 

The most important aspect of Nyquist’s criterion is 
its usefulness. This tool provides engineers with a way . 
to determine the stability of a control loop by simply oe 
measuring the open-loop frequency response. No rigor- 
ous mathematical analysis is necessary. Further, Ny- 
quist’s criterion allows you to determine the stability of 
a control loop before closing the loop, thus avoiding 
possible damage to your system from reactions caused 
by instability. 






















The unity-feedback case 

For systems with unity feedback (H(s)=1), the Ny- 
quist diagram (Fig 6) provides a technique for directly 
calculating the closed-loop frequency response, 
G(jw)/[1+G(jo)], from its measured open-loop frequen- 
cy response G(jw). In this case, two vectors are project- 





Fig 6—To evaluate unity-feedback closed-loop frequency response Fig 7—Loci of constant transfer-function magnitude, or magnitude 
from open-loop data, you use vector algebra with a Nyquist diagram. contours (a), form a family of circles. By plotting an open-loop 
The ratio V2IV, is the output/input response of the closed-loop system transfer function against the contours (6), you can identify the gain 
at any frequency. of the closed-loop function by its intersection with the loct. 
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en 
Mathematical techniques by Laplace and 
Heaviside, and graphical-analysis methods 
by Nyquist, Bode, and Nichols aid you in 
preatcting closed-loop system response. 













Dynamic signal analyzers _ 
Dynamic signal analyzers Ss [- 
(DSAs) are low-frequency ana- 
lyzers that sample signals ap- __ 
plied to their inputs and then | 
_use Fourier transforms to ana- __ 
_lyze the signals in both the time > 
and frequency domains. Useful _ 
_ to engineers who take mechani- _ 
cal, acoustic, and audio-electron- _ 
ics measurements, these analyz- _ 
ers record waveforms and take 
high-speed, single-channel fre- _—| 
-quency-spectrum and 2-channel 
frequency-response measure- 
ae ee 
_ Because they’ve recently ac- 
quired an array of advanced __ 
measurement and analysis func- _ 









response analyzers in measure- __ 





oped. A magnitude contour (Fig 7a) is a locus of points 
on the Nyquist diagram for which the ratio V./V; has 
the same magnitude. When you plot loci for several 
values of magnitude, the loci form a family of circles. 
When you plot the open-loop transfer function against 
these contours, you can identify the gain of the closed- 
loop transfer function by its intersection with or prox- 
imity to a given magnitude contour (Fig 7b). You can 
draw similar loci, called phase contours, for positions of 
constant phase, and you can use them the same way you 
use magnitude contours. 


Gain, phase margins 


The basic Nyquist diagram generated several other 
graphical measurement aids. Eight years after N yquist 
published his techniques, Hendrik Bode wrote a paper 
in which he observed that systems should be designed 
to be absolutely stable, one of two possible states for a 
stable system. An absolutely stable system is one that 
has some unique value of frequency-independent gain 
(Ki), below which the system will always be stable, and 
above which the system will always be unstable. 

Alternatively, a conditionally stable system is one 
with a gain (K:) above which the system will generally 
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Fig A—In a typical product- or system-development cycle, these five processes all 

play crucial roles. A dynamic signal analyzer (DSA) expands the traditional role of 

test instruments from the analyzing and testing functions to include significant 
_ contributions to the model and design processes. — 


ment and performance analysis. _ 
_ However, DSAs are no longer | 

tions that are directly applicable _ simply measurement instru- _ 
to control-system measurements, _ ments; they have new analytical 
DSAs are replacing frequency- _capabilities that, in many re- 

_ spects, equal those of work- 
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Stations (Fig A). These capabili- 
ties allow designers who use 

_ DSAs to measure a device under 
_ test and to model, revise, and 

_ perfect the response of the as- 
_yet-unbuilt system. 












become unstable. In a conditionally stable system, 
there is also a band of gains greater than K, where the 
system becomes stable again. However, operating in 
this higher band requires careful control of gain levels; 
for this reason, Bode and others considered operating 
in this band undesirable. 

In an absolutely stable system, the open-loop fre- 
quency response should cross the negative real axis 
only between 0 and the —1 point. Bode’s observations 
simplified stability evaluations even further by elimi- 
nating the need to plot the frequency response’s com- 
plex conjugate. 

Bode also observed that, as the plot of the open-loop 
frequency response approaches the value of —1, the 
real part of a closed-loop pole approaches the value of 0. 
A system with such a response has longer settling times 
and, in general, less stability. Therefore, Bode estab- 
lished phase-margin and gain-margin parameters to 
provide a quantifiable measure of the proximity of the 
open-loop frequency response to this —1 point. 

Bode viewed the Nyquist diagram as a polar plot in 
which gain is the distance from the origin and phase is 
measured as an angle with 0° as the positive real axis. 
The gain margin is the additional gain required to 
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ULA. The shortest route 
to custom LSI. 


Custom LSI provides the ultimate benefits in economics, performance and design 
security. 
Yet the route to custom LSI can be rather like trying to find the way through a maze. 
The ULA cuts straight across this maze and is the shortest route to custom LSI. 
Ferranti ULA technology combines: 
Cover a decade's experience with integrations in every major market sector. 
a product range second to none satisfying virtually all combinations of digital, BE i i EK 
linear, speed, complexity and I/O content at minimum power levels. 
Othe Ferranti Silicon Design System, the CAD facility covering the complete 
design cycle from system concept to silicon hardware. 
In short, the ULA provides the economic, performance and security benefits 
of full custom LSI but in timescales and with development costs normally 


associated with gate arrays. 
Take the shortest route to custom LSI, the Ferranti ULA. 


For further information, contact 


IC Marketing, Ferranti Electronics Limited, Fields New Road, Chadderton, Oldham Semiconductors 


OL9 8NP, England. Telephone: 061 624 0515 Telex: 668038. 


*ULA is a registered trademark of Ferranti plc for semiconductor devices. 








International Addresses: 


Vahey 
2 Ferranti GmbH, West Germany, Munich, Tel: 089-2368 040 U Ferranti Electronics Benelux, Antwerp, Tel: (0) 3/542.62.73 
C Ferranti Electronics Sweden, Stockholm, Tel: 08-52 07 20 CH Ferranti Computer Systems (Australia) Pty Limited, Alexandria, Tel: (02) 698 5544 


C Ferranti Wheelock Microelectronics, Aberdeen, Hong Kong, Tel: 5-538298-9 0 Ferranti Interdesign Inc. USA, California, Tel: 408-438-2900. 
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CIRCLE NO 17 








Easy to implement in a test system, the step 
forcing function reveals a wealth of infor- 
mation about a system’s speed, stability, 
and settling time. 


NOTES: 
GAIN MARGIN = 1 


PHASE MARGIN = 


(180 — |y/)° 





Fig 8—Measuring gain and phase margin with a Nyquist diagram 
is easy. The gain margin is the additional gain needed to achieve 
unity gain at 180° phase shift, and the phase margin is the additional 
phase shift needed to achieve 180° at the unity-gain frequency. 


achieve unity gain at the frequency where the phase of 
the open-loop frequency response equals 180° as it 
crosses the negative real axis (Fig 8). Simply stated, 

the gain margin is the additional gain required to place 
a closed-loop pole on the jw axis (GH(jw)=—1) and 
produce instability. 

Gain margin alone is not sufficient for you to deter- 
mine how close GH(jw) is to the —1 point and, there- 
fore, how close a closed-loop pole is to the jw axis, as 
Fig 8 shows. You also need to use phase margin, which 
is the additional phase shift required to achieve 180° of 
phase shift at the highest frequency at which the 
open-loop gain is unity. Typical target values are a gain 
margin of not less than two (6 dB) and a phase margin of 
not less than 30°. 

The Nyquist diagram is a powerful tool for analyzing 
all types of systems, but it is not without shortcomings. 
Its primary limitation is that it lacks a convenient 
graphical technique that you can use to predict how 
changes in the system will affect the open-loop frequen- 
cy response. Any time the system is changed, you must 
remeasure the response or recalculate it from your 
system’s model. Bode developed a diagram that allevi- 
ates this problem. 

The Bode diagram (Fig 9) is also a plot of the 
open-loop frequency response, except that Bode 
treated gain and phase separately, plotting each as a 
function of frequency (w). This technique has several 
advantages for the designer who must evaluate sys- 
tems while developing them. 

By expressing gain in logarithmic units (dB) and 
phase in degrees, the Bode diagram allows you to 
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Fig 9—A Bode plot yields gain and phase margin and bandwidth. 
The open-loop bandwidth is defined here as the frequency at which the 
system has unity gain. 





combine new data with already established measure- 
ments through simple addition. The resulting trace is 
equivalent to the frequency response you would obtain 
by connecting the actual devices in cascade and physi- 
cally measuring the composite. 

Because of certain techniques that Bode developed, 
engineers could sketch an approximation of a device’s 
frequency response from its transfer function—ie, they 
could evaluate GHGw) over a range of frequencies from 
the equation for GH(s)—in a Bode diagram without 
taking the physical measurements. Designers could 
also perform the opposite function, that of approximat- 
ing a transfer function from a measured response. For 
the first time, engineers could link a system’s model to 
measured data without having to resort to extremely 
laborious calculations. 

Bode plots like the ones in Fig 9 let you measure a 
system’s gain and phase margins. A third performance 
parameter, the open-loop bandwidth, is also easy to 
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ANALOG IS ALIVE 
AND WELL IN: 
A Designer’s Guide to 


Innovative Linear Circuits 
























As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circutts. 

his 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 
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Graplnical-analysis techniques allow you to 
use a negative-feedback system’s open-loop 
response to predtct the system’s closed-loop 
response. 





measure on a Bode plot. Open-loop bandwidth indicates 
how fast a system can react to a change in input; this 
measurement is analogous to rise time in the time 
domain. Specifically, open-loop bandwidth is the span 
between 0 Hz and the frequency at which the open-loop 
response has unity gain (0 dB). The greater the open- 
loop bandwidth is, the faster the system will react. 

No graphical technique using a Bode plot exists for 
directly calculating the closed-loop frequency response 
of unity-feedback systems. Although such a technique 
(the use of magnitude and phase contours) does exist 
for the Nyquist diagram, this diagram’s linear scales 
would seldom accommodate both the range of gain 
values produced by a system and the level of detail 
about the unity-gain point required to determine 
stability. 


- 270° ow 
GAIN — 


MARGIN = fr 


Fig 10—By pisians logarithmic gain against linear phate! m a 
Nichols diagram, you can calculate graphically a unity-gain sys- 
tem’s closed-loop frequency response from the open-loop response. 

a 


The Nichols diagram, a third graphical analysis tool, 
was developed specifically to accommodate the graphi- 
cal calculation of the closed-loop frequency response of 
a unity-feedback system from the system’s measured 
open-loop frequency response. The Nichols diagram 
uses both the single-plot concept of the Nyquist dia- 
gram, in which frequency is a varying parameter (but 
not a coordinate), and the logarithmic gain and linear 
phase scales of the Bode plot. Thus, the Nichols dia- 
gram is a plot of logarithmic gain versus linear phase as 
a function of frequency, as Fig 10 shows. 

Because of the wide range of gains represented by 
the logarithmic scale, however, the open-loop frequen- 
cy response of almost any system could be plotted on a 
standardized grid. It was practical, therefore, to super- 
impose a second grid (of magnitude and phase contours) 
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Fig 11—Magnitude and phase contours are superimposed on a 
Nichols diagram, forming a Nichols chart. The chart allows you to 
make a quick estimate of the closed-loop response of a unity-feedback 
system. 





on the Nichols diagram for calculating the closed-loop 
frequency response. The resulting Nichols chart (Fig 
11) rapidly became a standard graphical tool for quickly 
estimating the closed-loop frequency response of a 
unity-feedback system. Unfortunately, like the Nyquist 
diagram, the Nichols chart doesn’t make it easy for you 
to combine frequency responses, nor does it provide 
graphical tools for linking system models and frequency 
responses. EDN 





Authors’ biographies 


Steven W S Asbjornsen is a product- 
marketing engineer at Hewlett-Pack- 
ard (Everett, WA), where he’s respon- 
sible for control-system application 
and market development. He received 
a BSEE from the University of Wash- 
ington and has been with HP for five 
years. Steve, who is a musician in 
his spare time, also enjoys hiking and 
waterskiing. 


Owen Brown, who is in charge of prod- 
uct publicity for Hewlett-Packard 
(Palo Alto, CA), has worked for HP 
for two years. He has a bachelor’s de- 
gree from Yale University and an 
MBA from the University of Chicago. 
His spare-time pursuits include paint- 
ing and aikido. 








Article Interest Quotient (Circle One) 
High 482 Medium 483 Low 484 


EDN April 3, 1986 








64k CMOS E*PROMS. 


200 Lis write, 150 ns access. 









Another CMOS 
Technology 


Breakthrough. 
From Atmel. 


Atmel's new CMOS E*PROMS have dramatically improved 


fast writes, fast access, low power, extended write cycles and 
overall reliability. 





The 28C64 has an automatic write operation. No need for 
external components for read write cycles. (This E7PROM 
family is accessed like a static RAM). Internal latching during 
“pyte write” free the address and data bus for other 
operations. Other features include: 


@ fast access— 150 ns 


@ also available at 200, 250, 300 and 350 ns 

@ low standby power-— 10 WA typical 

@ fast byte write— 200 us (also available at 1ms max.) 
@ endurance levels of 10* (a/so available at 10°) 

® design flexibility— pin 1 as Ready/Busy or N/C 

® available in Cerdip, LCC and PLCC 












‘+a. 10° cycles 
s write, a] , 
ie write, 10° and pnt 
ite, 10 CY 
00 ps write, © : 
a a write, 10 cycle 
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All available over full military, commercial and industrial 
temperature ranges in JEDEC-— approved byte wide pinouts. 


Wait No More. 


Atmel’s commitment to CMOS E?PROM and EPROM A MEL 
technology is setting new standards in speed and reliability. 

Make Atmel your domestic supplier for the smartest, fastest 
way to the future. We promise not to keep you waiting. 





WE’ PROMISE. WE DELIVER. 


2095 Ringwood Avenue San Jose, CA 95131-1703 (408) 434-9201 


CIRCLE NO 88 


YOU MAY BE LOOKING AT THE 
POWER SUPPLY YOU’RE LOOKING FOR. 


You design them 
with Kepco’s free 
Power Supply 
Template Design Kit 
in an hour. Kepco 
builds them for you 
in weeks. 


Single and multi-output. .. 
a-c to d-c and d-c to d-c...PC card, 
L-chassis, and fully shielded. 


WORLD POWER™ models have 
all approvals needed for : 
world-wide use. KePee & aXstete! 


ae 


Model ely 
MRM 260KV mo nS . Suara 


Kepco IEEE-488 compatible digital 
programmers designed to work 
together with linear programmable 
Power Managers™: unipolar and 


bipolar...conventional and hi-speed... 


low, medium, and hi-voltage. 


System shown comprises Model TLD 
Enclosed and shielded... 488-16 Digital Programmer and 


offer all essential Series ATE unipolar power supplies in 
control features. Y%4-, Y2-, ¥4- and full-rack sizes. 


OEM LINEAR & 
__ FERRORESONANT 


#146-1457, write to Dept. JCF-12, 
Kepco, Inc., 131-38 Sanford Ave., 
Flushing, New York 11352 USA 

(718) 461-7000 © TWX #710-582-2631 


FAX (718) 767-1102 


PRM 8.5-30 a —| THE POWER SUPPLIER™ 
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APRIL 1ST SPECIAL 
DESIGN ENGINEERING SUPPLEMENT 


EDITORIAL 











There’s still hope, but not 


much, for our youth 


Although we’re holding our own right now against foreign gunslingers in 
the great electronics shootout (from Metaphors to Provoke Nausea), the 
future looks decidedly unrosy. The reason for this pessimistic statement is 
the growing lack of interest that America’s youth is showing in electronics. 
Consider, by contrast, young people’s electronic fervor in Japan. At last 
count, 1.3 jillion Japanese teenagers were radio amateurs. In the US, we 
have nine hams who are younger than 93, and two of them are comatose. 
If the US is to remain competitive with overseas producers in the near 
and distant future, what’s needed is a crash program to rekindle our young 
people’s interest in electronics. Some ideas: 

@ Rock-and-rollification of electronics. Imagine, if you will, new songs 
by such artists as Bruce Springsteen: “Born to Run at 15 MHz” and 
“Fab’d in the USA”; Twisted Sister: “Smoking in the Class-10 Clean 
Room”; and David Lee Roth: “Just a Gigahertz.” 

@ Summer camps. I can visualize, for example, a semicustc-n-IC design 
camp on Lake Waramaug or a small wafer-fab facility at Camp 
Okefenokee. The mind reels: Such activities could give rise to 
fascinating competitive events like propagation-delay races and pota- 
to-sack debugging sessions. 

@ Celebrity endorsements. Picture Mick Jagger in an electronics lab: 
“Hey, mate—can’t get no satisfaction? Time was, I was like you. Got 
weary of the drugs, booze, and sex, though. Now I’m into electronics, 
and there’s naught groovier. Instead of snortin’ now, I get my kicks 
designin’ CMOS gate arrays.” 

e Financial incentives. Make an engineering career appealing to our 
youth: Raise engineers’ salaries to at least one-tenth those of medical 
doctors, or one-twentieth those of professional basketball players. 

These are just a few possibilities. The definitive solution, of course—one 

that President Reagan is working on—is to annex every country in the 
world to the US. This plan, which would make every engineer in the world 
an American, is meeting with stiff opposition in Congress, because of the 
thorny issues of polylingual education and trans- Atlantic and trans-Pacific 
busing of school children. We'd like to receive your feedback on this topic; 
please use the numbers below to express your opinion. 


WY Tram: 





Bill Travis 
Old Editor 
I am against youth. Circle No 574 
I am for youth. Circle No 575 
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MORE COMPANIES HOP ON ‘NONSOURCI 


Joining the ranks of Sta 
Corp, Lackof Silicon Ine, Na 
have recently become nonpro¢ ; 





ctor Ltd, and Where’s the Beef IC Corp — 
icers rot semioustom ICs. Under the terms of the non- 










Inc one stisernational ‘Quastlier ee ctor ie ee 


sourcing agreement with SPI and 1QC, the three new nonproducers agree not to source g a 





the semicustom circuits the two original nonr 
custom circuits the five manufa 
reflect a noninterchange of tect 
Berman, the addition of the thr 
only be beneficial because it wi 
ing the common noncustomer base among the five nonmanufacturers.— —Bill Travis o 
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RETROACTIVE LAYOFFS IMPR v rE COMPANY'S BOTTOM LINE 


In a departure from normal inc istry practice, >-Ray Corp today ahvounced a pin of 
retroactive layoffs. Effective imm itely, the company is laying off employees who _ 
were working for the company as J anuary 1, 1983, but who subsequently lets. 
Employees retroactively laid off a xpected | to repay wages and benefits they earned — 
between January 1, 1983, and wl they left the company. Current bs orcad aren t 
affected by the retroactive layoffs —Jonathan * Titus  ~—~—Cr—e—SFCit—mPe _ 





MEMORY MAKER CUTS PRICES 0 BONE 


American Process Engineering’ s resident 63 erry y Fulbright t has ae that his | 
company has reached bottom in its earning curve for the production of 64k-byte oe _ 
RAMs. His company’s manufactu J g process | is so efficient, claims Fulbrig ! t, that it. 
costs —50¢ to produce each RAM. APE has adjusted its prices accordingly — — in OEM > 











nufacturers are not making. The semi- _ a 
turers are not producing are drop- -out compatible and ae 


ther narrow the market for the non-ICs by spread- ae 


quantities, the memories are priced at. —~25¢ each. Note, however, that customers must a : 








significant because of the weight of the quarter 
ans to start shipping sine units ; in the second 
¢ (OEM aty). —Bill Travis | CC 


pay shipping costs, which are no 
taped to each RAM. The compan} 
half of 1986; initial see oe b 


HARRIS AND RAYTHEON Str Ls] EXCHANGING OBSOLESCENCES- 


The Harris/ Raytheon exchang agreement : for obsolete op amps and vacuum ies 
recently mourned its third anniv sary. According to Harris’ Ss Paul shoces mores produc: 
tion ramp-up for 6SN7 dual triodes has reached completion; th mpany is now © 
producing dozens of the devices / 
nounce a shrink version in LCC ( 
through in the second half of thi 
is almost complete. The company 
quarter of this year. ‘Results are eql 
has the capability to produce - —inv 
709 operational — —Bill Trav 
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satisfying for Raytheon: The company now | 
8 | of hundreds - — - the > once-industry-standard oo 








IBM DISCONTINUES TIMEX /SIN IRL LOOKALIKE 
Industry watchers, listeners, an 

nounced withdrawal from the Time: 

PCtot by subcontractor Joe’s Garage 


According to IBM, ; However, the cess 


oak lair-clone market. Manufacturing of the 
jleazonia, WV) will cease by the end of April. 
a opmental does not 1 mean the > company 1 is 
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Esaki lives on 


Dear Editor: 
I'd like to respond to your query, 
“Whatever became of Esaki and his 
tunnel diodes that were going to 
revolutionize computers?” Please 
refer to the enclosed photograph, 
taken in White Elephant Electron- 
ics’ tunnel-diode mine in Montana. 
White Elephant remains the world’s 
foremost refiner of tunnel diodes. 
The diodes are used in several 
unique applications; perhaps the 
most voracious users’ are 
ophthalmologists, who use the de- 
vices in the treatment of tunnel 
vision. 
Esakily yours, 
George Unidirection 

(Ed Note: A 47Q resistor will 
probably do the trick, but be sure to 


Note the tunneling phenomenon in this 
photo depicting the bowels of White Ele- 
phant’s tunnel-diode mine. After smelting, 
the diode ore found in this vein will yield 
97,4138 tunnel diodes. 


Turkey from the Gulch 


Dear Editor: 

I’ve noticed that EDN is in the 
pocket of the Silicon Mafia. When’s 
the last time your magazine pub- 
lished an article on germanium- 
based integrated circuits? Come 
on—how much do the silicon moguls 
and robber barons pay you to keep 
the wraps on Ge ICs? It’s maybe the 
world’s best-kept secret, but here in 
Germanium Gulch (Sleazonia, WV), 
we produce more germanium ICs 
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than the White Elephant mine pro- 
duces tunnel diodes. You should in- 
form your readers that germanium 
circuits are both faster and less 
available than silicon ICs. 
Yours complainingly, 
John Oldfashioned 

(Ed Note: We’ve studied your let- 
ter very carefully, Mr 
Oldfashioned, and we conclude 
you're a turkey.) 


Dear Editor: 

You print too many analog-design 
articles. Nobody reads that stuff 
anyway. Please forget analog cir- 
cuits and print more articles about 
digital circuits. 

Sincerely yours, 

Tex Tengallon, 

Digits-R-Us 

Prickly Heat, AZ 

(Ed Note: Okay.) 





Dear Editor: 

You print too many digital-design 
articles. Nobody reads that stuff 
anyway. Please forget digital cir- 
cuits and print more articles about 
analog circuits. 

Sincerely yours, 


PQ Warlock 


Hocus Pocus Circuits 
Research Pentacle Park, RI 
(Ed Note: Okay.) 


Note to article writers 

EDN is always seeking good con- 
tributed technical articles. Unfortu- 
nately, sometimes submitted mate- 
rial doesn’t quite fit in with EDN’s 
applications-article orientation, and 
it’s necessary to send a rejection 
letter. To ease the gut-wrenching 
agony of rejection, EDN is adopting 
the following form letter: 

We found your article fascinat- 
ing, well written and, frankly, hard 
to put down. A basic problem exists 
with your material, however: It’s so 
clearly superior to any story we’ve 
ever published (or are likely to pub- 


lish in the conceivable future), that 
wt would probably dissuade other 
potential writers from even trying 
to measure up to its excellence. It’s 
with heavy hearts, therefore, that 
we find ourselves obliged to decline 
this once-in-a-lifetime masterpiece. 
We’ve forwarded your article to the 
Nobel Committee in Stockholm for 
consideration. Have you considered 
changing your name to Hemingway 
or Faulkner? 


Dear Editor: 

Although I’m no longer employed as 
an engineer, I’d appreciate your 
printing my letter. I used to enjoy 
reading your magazine. 

I was a design engineer at a con- 
sumer electronics firm before the 
company went out of business. 
When the company went under, 
some people blamed the Japanese. 
Some blamed the US government. 
But neither country is at fault. The 
real culprits are the yuppies. 

Our company sold electronic toys. 
Then the yuppies—and their kids— 
started moving into Sleazonia. Sud- 
denly, everybody wanted to be a 
yuppie. 

Before these little yuppies-in- 
training could sit up, their parents 
were starting MBA classes in their 
day-care centers. Now these kids 
listen to their parents read them 
The Wall Street Journal at bedtime. 
As soon as these kids can be 
propped up in front of computers, 
they'll be cutting their teeth on 
spreadsheet programs. By the time 
they’re five years old, they’ll be 
doing their parents’ taxes for fun. 

When will this insanity end? 
When will kids go back to playing 
with natural toys like video games 
and remote-control robots? 

Finally, although I don’t read 
your magazine anymore (it’s too de- 
pressing), I still find it useful in my 
work. | 
Sincerely yours, 


Poindexter McGuirk 


Acme Kennels 
Sleazonia, WV 
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BIZARRE PRODUCT UPDATE 


——_—_——_—————————— 


Single-board nuclear reactor 
supplies standby power for 12 years 


Now available on a full-length plug- 
in card for IBM PC or compatible 
computers, the QBX-1 add-on nu- 
clear-reactor card provides backup 
power for as long as 12 years. When 
the card senses a power failure, 
explosive bolts eject moderator and 
control rods from the reactor’s inte- 
rior within 20 psec, bringing the 
reactor to its fully rated output of 20 
kW in less than a millisecond. Over 
its 12-year active life, the reactor’s 
power decreases by 25% to 15 kW. 





Integral heat fins provide convec- 
tion cooling of the reactor’s 500W 
power dissipation while the reactor 
remains in its standby condition. If 
your computer’s fans can’t furnish 
400 ft?/sec of forced air for cooling, 
consider buying the manufacturer’s 
heavy-water cooling jacket and 
stainless-steel pump module, which 
fit conveniently under a desk or 
workbench. Latches on each side of 
the reactor module let you quickly 
exchange the radioactive core, 


should you need to replace it. An 
optional circular viewing port of 
lead glass lets you check the reac- 
tor’s internal mechanical assem- 
blies. 

To protect users from undue radi- 
ation, each reactor includes a shield- 
ing kit comprising five self-stick 
lead plates and 20 radiation-moni- 
toring film badges. The lead plates 
mount inside your computer’s enclo- 
sure and reduce the gamma rays 
that cause soft errors to floppy-disk 
and RAM data. For further protec- 
tion, consider buying the manufac- 
turer’s 200-ft extension cords for 
keyboards and monitors. 

Because the reactor can supply 
more than enough power for your 
computer, you can sell excess power 
to your local utility company. An 
add-on phasing and metering kit 
(PMK-1) lets you connect your reac- 
tor to the local power grid. Each 
PMK-1 includes standard power- 
sale contracts and Rural Electrifica- 
tion Board rules and regulations. 

Although not required in all local- 
ities, each reactor card package in- 
cludes a standard 23-volume site- 
evacuation plan. The plan includes 
blank forms for you to fill in the 
name and address of your reactor 
site and then mail to the Nuclear 
Regulatory Commission. As an op- 
tion, the manufacturer supplies the 
plan on 12 MS-DOS-compatible 
disks in Wordstar format. User- 
friendly templates let you type in 
information so that your word proc- 
essor can create a complete, printed 
document. 

Reactor prices start at $2.3 mil- 
lion (1). Delivery, seven years ARO. 

—Regus Patoff 

Luminescent Electronic Products 


Nuclear reactor supplies CPU power during power failure or other power emergencies. The Inc, Box U-235, Trinity Site, NM 


reactor also glows in the dark (as will you), which makes it easy to find your computer. 
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Electrode to draw 
flies, party nuts, 
and the unemployed 





Armed with a list of show vendors who may 
or may not show up at this year’s show, 
Electrode show sponsors expect the show to 
outshow all previous shows. 





Frances T Granville, Editor for Show 
Mini-Micro Systems 


“Be there, aloha,” may well be the theme of this year’s 
Electrode ’86 show, but that was not definite at press 
time, as show sponsors—not determined at press time 
—tried to decide exact location and dates of the show, 
neither of which were set at press time. Show sponsors, 
who were unavailable for comment at press time, will 
probably be either The American Federation of Hippo- 
potami (AFHIP), The InterNose Group, or Eye Eye 
Kwadruple E! (EEKE!). Sponsors, whoever they turn 
out to be, expect the show to be held sometime this year 
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in Anaheim, Atlanta, Chicago, Washington, San Fran- 
cisco, or all five on a round-robin basis. 

Expanding on the “aloha” theme, show spokesperson 
R Roland Roland, who was unavailable at press time, 
states, “Originally, we thought the show would be held 
in Honolulu, but that was not set at press time, so we 
had to set our sights on other sites.” The sponsors 
expect the show to attract “anywhere from” 50 to 1 
million attendees and one to 500,000 exhibitors. At- 
tendees should come from Fortune 5000 companies or 
from the Salvation Army Shelter, depending on the 
show’s location. Attendees are expected to include 
corporate end users, meter maids, industry spokesmen, 
industry spokeswomen, supermarket checkout clerks, 
chefs, policemen, trade-press editors, account execu- 
tives, and the like. 

Industry gurus, pundits, fortunetellers, gypsies, and 
palm readers agreed at press time that it would be 
difficult to predict whether Electrode would be held at 
all. But all believe that many a would-be attendee will 
find himself or herself sticking a toe into uncharted 
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waters while simultaneously jumping on the OEM 
bandwagon. Furthermore, many add, we all know just 
how painful that can be. 

What’s more, industry mystics comment, exhibitors 
may or may not display such products as various op 
amps, including bop amps, amp ops, oops! amps, and 
whoops! amps; several fiber-optic linkers, blinkers, and 
clinkers; MOSFETs, FETMOSS, peat moss, CMOS, 
and sea moss; ICs and ICKs; FIFOs and FIDOs; 
minicomputers; extremely loco area networks 
(ELANs); add-on/add-ins and subtract-off/subtract- 
outs; steel-wool pads; soap; oatmeal; mouthwash; deo- 
dorant; toothpaste; keyboards; pianos; peripherals; per- 
iwinkles; sweaters; dresses; jewelry; lingerie; 
menswear; foundation garments; and a host of other 
products guaranteed to catch the eye—and nose—of 
even the most jaded would-be show attendee, if, in fact, 
any do show up. 

Many lucky attendees may or may not win door 
prizes, which might be a complete facial and makeover 
on the mezzanine; a trip for two to the Bahamas; or a 
cup of coffee. A bridal show will take place on Monday, 
followed by the East Overshoe, ME, Junior League’s 
rendition of “South Pacific.” A bake sale in the lobby 
will end the festivities, if, indeed, they do take place. 

Electrode might be unbeatable for showing what’s 
new and newsworthy, according to many industry ora- 
cles. “We may announce a product at the show, but then 
again, we may not,” comments a company spokes- 
woman, who asks that neither she nor her company be 
named. “If we do, and you don’t attend the show, you 
most likely won’t see it,” she quips cryptically. “Then 
again, if we do show up and you don’t, then you missed 
us.” 

Joseph Schmoe, of CPU Bored Corp, Molehill View, 
CA, agrees: “We’ll either announce something or not,” 
he states unequivocally. “We may exhibit or not. Come 
by my office a week from next Tuesday, and if a 
Rent-A-Truck is parked outside, along with our equip- 
ment to be moved to the show, then I guess we'll be 
there.” 

Bud Smith, vice president of semis for a major 
semiconductor manufacturer, also doesn’t know wheth- 
er his company will be at Electrode. “At first, we 
decided to exhibit,” says Smith, “but if Joe [Schmoe] 
won't go, then neither will I.” 

General consensus among industry spectators, on- 
lookers, lookers-on, passersby, and night watchmen 
seems to be the same: Schmoe probably won't go to 
Electrode. “He’d be a little fish in a big pond,” states 
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one observer. Another spectator counters, “I personal- 


ly, from my own viewpoint, believe that we'll all be big 
fish in a little pond.” And, quips a third, “This show 
may have several OEMs parking their new disk drives 
in the OEM disk-drive garage, and those drives are 
sure to have all the dimensions of a Mack truck.” Asked 


what, exactly, those dimensions were, the analyst 


stated, “They’re growing like gangbusters.” 

Among those companies that have definite plans to 
exhibit, although no one was really sure at press time, 
is Bright-O, a Fortune 1000 steel-wool-pad maker in 
East Overshoe, ME. The pads, designated the 
520520025125A BC-D0612502 Series, reportedly clean 
pots, pans, and fiber-optic cables to the tune of 1.522M 
bps. “That’s the fastest rate in the industry,” opines 
Obie Bright, marketing communications manager at 
Bright-O. The company plans to demonstrate the afore- 
mentioned zippy pads in a multivendor, on-line, 
internetworking, high-speed, fiber-optic display with at 
least 299 other vendors or whichever vendors happen to 
show up. 

Another company, Dentu-Cleanse of Moline, IL, may 
or may not exhibit its long-lasting denture glue, which 
transmits as many as eight rock ’n’ roll tunes at 19 MHz 
through the denture wearer’s mouth over a single 
“twister’-pair cable. “Auntie Em, it’s a twister!” ex- 
claims Kansas resident Dorothy Gale, who was, unfor- 
tunately, available for comment at press time. 

The show may or may not feature several technical 
sessions interspersed with several lively or dull round- 
robin discussions, perhaps including “If You Missed the 
STD Bus, Take the A Train,” “Byte vs Bight: Industry 
Standards Makers Hammer out Standard Spellings,” 
“Breadboxes: the Breadboards of the ’80s?” and “CAD/ 
CAE: Exploring Trends in Computer-Aided Dieting/ 
Eating.” EDN 





Author’s biography 


Frances T Granville, who was unavailable for comment at 
press time, may or may not be an associate editor at 
Mini-Micro Systems magazine. Probably a graduate of 
some college or university, Granville most likely has a 
degree. Her hobbies may or not include jogging, back- 
packing, chess, stamp collecting, tennis, aerobics, 
raquetball, karate, swimming, cross-country skiing, music, 
reading, collecting antique scientific instruments, and driv- 
ing locomotives down abandoned railroad tracks. 


a 
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DESIGN IDEA SPECIAL SUPPLEMENT 





Exploding capacitor is one-shot noise source 





Jonathan Titus 
Demolition Editor 


By back biasing an electrolytic capacitor with a de 
power source (Fig 1), you'll form a one-shot noise 
source. Unlike back-biased diodes that furnish a broad 
spectrum of electrical noise, the capacitor provides a 
burst of noise across the audio-frequency spectrum 
without requiring an amplifier. Because each capacitor 
provides only a single burst of noise, you'll need a large 
supply of capacitors for repetitive noise bursts. Alumi- 
num electrolytic capacitors provide the best burst re- 
sponse. Use the noise source with caution—it’s a radia- 
tion hazard. Bursts of metal and plastic fallout 
accompany each noise burst. 

Note that you can use back-biased electrolytic capaci- 
tors in applications other than noise-burst generation. 
If you tape a capacitor to each cockroach infesting your 
house, for example, you'll have a very effective exter- 
mination system (Fig 2a). In another application, in- 
serting a capacitor in your sink or bathtub drain can 
relieve clogging; in a related application, the devices 
can unclog stuffy sinuses (Fig 2b). 


BAG TIE OR 
WIRE TIE 


KtKH— 4 TO5F 


i 





RELATIVE 
SOUND 05 
INTENSITY ~ 


0 
0 
ee DELAY 4 


TIME TIME (SEC) 


NOTE: DELAY TIME DEPENDS ON CAPACITOR VALUE. 


Fig 1—Indulge your penchant for destruction with this easy-to- 
build noise (and shrapnel) generator. Close the switch and your eyes, 
and enjoy the loud SNAP that precedes the pain from the lacerations. 
To reset the circuit, rebuild it. 





Fig 2—Destruction can be useful, as seen in these applications for exploding capacitors. One unit taped to every cockroach (a) can rid your 
home of these pests. The bursting capacitors also make very effective sinus-cleaner-outers (b). 
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LOOKING AHEAD SPECIAL SUPPLEMENT 


—EeEeE—————— a 


RELUCTANTLY WRITTEN BY GEORGE 


Many public officials 
to be robots by ’88 


In the waning months of the Reagan 
Administration’s tenure, members 
of the press and viewers of C-Span 
will bear witness to a subtle but 
fundamental change in the face the 
US government presents to the peo- 
ple. “That’s because many public 
officials will be robots,” said a White 
House aide, who refused to reveal 
his or her or its name over the 
phone. “I mean it this time. Literal- 
ly. You know: electronic circuits, 
artificial-intelligence programming, 
sensory transducers—honest-to- 
goodness androids. None of that 
‘Danger danger,’ Lost in Space ma- 
larkey.” 

The radical measure is a response 
to the problem of retaining talented 
administrators in the halls of public 
service, a particularly vexing prob- 
lem for this administration. Alexan- 
der Haig, Michael Deaver, David 
Stockman, John Block—not since 
the days of the Truman administra- 
tion has there been such an exodus 
of high-level officials, who escape to 
the private sector and the allure of 
six-figure salaries. To address this 
problem, the National Academy of 
Sciences has funded secret research 
that has applied the latest in com- 
puter technology to create the per- 
fect, devoted public servant. 

“We need public servants who will 
not waver in terms of national loyal- 
ty and job dedication,” reported the 
source, who wouldn’t even give his 
or her or its initials. “We expect to 
have robots performing at a variety 
of levels very soon—at the White 
House, at the State Department, at 
the Pentagon, and in a variety of 
other executive-branch positions. 

“Many of the functions of the 
State Department will be easy to 
implement. Press-liaison tasks 
could be easily handled by a simple 
robot that issues such familiar can- 
ned responses as ‘We are in touch 
with the embassy,’ ‘You gentlemen 
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have all the information we have,’ 
and ‘We are not prepared to make a 
statement at this point in time.’” 

The source, who would not pro- 
vide a phone number so that we 
could ask him or her or it some 
follow-up questions later, also re- 
vealed that two prototypes have ac- 
tually been in operation for some 
time. “One prototype shows a per- 
sistent malfunction in its sentence- 
construction subroutine. Actually, 
millions of citizens were witness to 
one of the worst episodes of that 
bug, during the Vice-Presidential 
debates of 1984.” 

“The other prototype has fared 
somewhat better. Though its nor- 
mal behavior is rather formal, stiff, 
and even downright soporific, it sur- 
prisingly showed something akin to 
rage on a couple of occasions—most 
notably when the President pro- 
posed that all government officials 
take lie-detector tests.” 
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STUBBS 


US to relieve trade woes 

by annexing Japan 

In an attempt to relieve the misery 
of its current trade imbalance with 
Japan, the United States will, in 
1987, annex the land of the rising 
sun, reports Salvatore Vitelli, next- 
door neighbor of this reporter. By 
making Japan the 51st state, the US 
will turn a crippling, billion-dollar 
trade deficit into an immediate, re- 
viving boost to its Gross National 
Product, and it will once again be- 
come the dominant force in world 
markets. According to Vitelli, the 
first moves toward alleviating the 
trade situation will occur in mid- 
1986, when cabinet members will 
hammer out a bold proposal to sell 
Hawaii to Japan. 

Widespread protests in the na- 
tion’s only island state will effective- 
ly kill the plan, but similar proposals 
will be considered—some involving 
California and a few atolls under US 
jurisdiction. Then, sometime in 
early 1987, says Vitelli, Secretary of 
Labor William Brock (former Secre- 
tary of Trade) will burst in on a 
cabinet meeting and detail the an- 
nexation bid. Ronald Reagan will 
wake up in time to hear the words 
“ereating a new base of investment 
and taxes that will eliminate a sig- 
nificant portion of our national debt” 
and give his approval to the mea- 
sure. 

“It’s amazing no one ever thought 
of it before,” Brock will say. “Con- 
gress will no longer have to waste 
the taxpayers’ money stumping for 
disastrous protectionist legislation. 
It’s good for everyone, all the way 
around.” “We conquered them 
once,” Brock will continue, “and 
now that the best-established mili- 
tary presence in Japan is ours any- 
way, it should be a piece of cake to 
do it again. Just a paper exercise, I 
should think.” 
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OCCASIONALLY, EVERYONE 
WISHES HE HAD ANOTHER 
SHOT AT HIS DESIGN. 


to qualified users—that turns an IBM* PC into a PLD work 
station. The work station helps you to define your function 
in terms of a Boolean equation or state transfer expression: 
then you use the output to program the fuses, and your 
Circuit is ready to go. 

Complete documentation and design simulation let 
you perfect your ideas to the nth degree. And if you have 
any questions, a phone call to one of our field 
applications engineers will get you the answers 
fast. 


There are some things man was not meant to 
tamper with. 

Semicustom circuits, for example. If you 
happen to have second thoughts about your design, 
you re powerless to do anything about them. 
Unless you have the luxury of lots and lots of time 
and money. But when youre trying to get your 
products to market before the competition, extra 
time is something you rarely have, and extra money 
is something you never have. 

Fortunately, there is help: Programmable 
Logic Devices from Signetics. With Signetics PLDs, 
you can make all the changes and tweaks you 


and specs, just send in the coupon. 
like— without losing precious time. So you reduce Signetics Programmable 


S Logic Devices. 
Now you don’t 


have to meddle with - 
forces beyond 


your control. 


There’s more you should know 
about Signetics PLDs. For details 













most complete, best-supported PLD series in the 
industry? A unique approach to sequencer archi- 
tecture, for one thing. 

It not only simplifies state machine designs but 
also cuts the time it takes to build them. 

It's frightfully easy to use Signetics Program- 
mable Logic. We provide software—free of charge 


“IBM is a registered trademark of International Business Machines, Inc. ' Pe ee 
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Yes, I’d like to know more about Signetics PLDs. Rush me the 
specs ASAP. 
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Send coupon to: Signetics 
811 E. Arques Ave., P.O. Box 3409 
Sunnyvale, CA 94088-3409 EDN4386 
Attn: Publication Services, M/S 27 M2 
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AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN REGION, 
Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 493-4401; MAJOR ACCOUNT OFFICE, POUGHKEEPSIE, NEW YORK, 
Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA, 
Summit Sales, (602) 998-4850; ARKANSAS, Technology Sales Company, (214) 437-5881; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, 
(714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; DISTRICT OF COLUMBIA, ArboTek 
(301) 825-0775; FLORIDA, Sales Engineering Concepts, (305) 781-4800, (305) 426-4601; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 255-6224: ILLINOIS, Carlson Electronic Sales, 
(312) 956-8240, R.E.P.S., (217) 438-6435, INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, C.H. Hom, (319) 393-8703; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, 
(317) 842-3245; LOUISIANA, Technology Sales Company, (214) 437-5881; MAINE, Datcom, Inc., (617) 891-4600; MARYLAND, ArboTek, (301) 825-0775; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action 
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2. CMOS GATE ARRAYS. | 


We have the silicon. We have LDS™ software. 
We have volume production. And we have design capacity 
available now. 





Get your 2\1 CMOS gate array 
design off the board and into produc- 
tion at one of Toshiba’s design cen- 
ters. We have design capacity 
available now. We have Daisy,” and 
other popular workstation 
compatibility, Lbs design software 
and the applications engineering staff 
to give you total support. 

We are volume producers of indus- 
try standard gate array families such 
as our high performance 2U 
devices, the 17G series. It has a 1.5 
nanosecond gate speed with up to 
10,000 gates as well as a macro 
library of 7400 type ssI/MsI functions. 
These units have fully compatible 
TTL/CMOS input and output and can 
be configured with up to 232 avail- 
able pins. Our 3p industry standard 
CMOS gate array family, the 15G, has a 
2.5 nanosecond gate speed with up 
to 6000 gates available. In fact, 
that’s why these industry standard 
families are second-sourced with LSI 
Logic Corporation. 

And we’re working now on the 
next generation of CMOS gate arrays 


LDS is a trademark of LSI Logic Corporation. Daisy is a trademark of Daisy Systems. 


Components Sales, (3 
West, (206) 885-5880; NEBRASKA, R.E.P.S., (913) 383-6228; NEVADA, Elrepco, Inc., (415) 962-0660; NEWE 


as well as full standard cell capability 
to be introduced shortly. 
TOSHIBA IS 


PRODUCTION POWER 

Toshiba is the world’s largest 
producer of high quality cmos 
devices, and one of the few compa- 
nies with high volume production 
experience and capability in CMOS 
gate arrays. 

All this means Toshiba can provide 
the design support you need with a 
volume production capability to 
assure that your designs become 
delivered product in the right quanti- 
ties on time. 

So if you are planning a 2u gate 
array design, plan with the people who 
have the power. Plan with Toshiba. 


Part Array 
Number Size 


TC15G008 880 
TC15G014 1400 
TC15G022 2200 
TC15G032 3200 
TC15G042 4200 
TC15G060 6000 


Gate Delay (ns) ! 
Y MAX 2 
























NNNNNWN |Z 
~~ 


nonnnoona | nooo 









TC17G032 
TC17G042 
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NOTES: 
1 For a 2 input NAND gate having a fan out of 2 and 2mm of metal interconnect. 
2 At 70°C and Vdd = 5v + 5% 


TOSHIBA. THE POWER IN GATE ARRAYS. 


TOSHIBA AMERICA, INC. 





13) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229; MONTANA, Components 
LAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW MEXICO, Summit Sales, 


N 
(602) 998-4850; NEW YORK, Nexus Technology, (914) 769-0382; Pl-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component 
Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-8333, (419) 884-2313, (513) 293-3145; OKLAHOMA, Technology Sales Company, (214) 437-5881; OREGON, Components West, (503) 684-1671; PENNSYLVANIA, Nexus 
Technology, (914) 769-0382, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., (919) 467-6319; TEXAS, Technology Sales Company, (512) 346-9940, 
(713) 266-2473, (214) 380-0200; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640: VERMONT, Datcom, Inc., (617) 891-4600; VIRGINIA, ArboTek, (301) 825-0775; WEST VIRGINIA, Steffen & Associates, 
(419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 955-6224: WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, 
0 


Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source Inc., (416) 675-4490. 
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process, called ITC : O | 
ically tailored to satisfy the Secial 
needs of linear IC functions. _ 
All Linear’s products are 
designed to meet stringent military 


I want to make sure I’ve got the future 
covered. Please send me your new catalog. 


A check (or money order) for $6.00 is enclosed. 


Name 

Title 

Company 

Address 

City State 


Zip Phone 


Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035 


EDN4386 


TECHNOLOGY 
TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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he challenges of the future, count 


‘on Linear Technology’s leading- 


edge IC designs to deliver the most 
cost-effective solution to your 
linear system requirements. 

For all the specifics about 
Linear Technology’s products, 
send for our new product catalog 
today. Or, for additional informa- 
tion, contact us at: LINEAR 
TECHNOLOGY CORPORATION, 
1630 McCarthy Blvd., Milpitas, 
CA 95035. (408) 942-0810. 








DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


Feedforward amplifier reduces distortion 





Michael Ellis 
Scientific Atlanta, Norcross, GA 


You can employ feedforward techniques to reduce dis- 
tortion in wideband RF amplifiers; the audio amplifier 
in Fig 1 illustrates the feedforward principle, even 
though feedforward techniques offer no significant ad- 
vantage in the audio-frequency range. (Both feedfor- 
ward and feedback techniques reduce distortion in 
amplifiers, but each approach carries a distinct penalty. 
Feedback loops are subject to instability, whereas 
feedforward amplifiers are inherently stable but re- 
quire an additional error amplifier.) 

In Fig 1, the main amplifier has a gain of 10, but it 
introduces some distortion (D) in the amplification 
process. This component appears at the error amplifi- 


er’s output (—D), but the signal components cancel at 
that amplifier’s summing junction. In turn, the distor- 
tion component cancels in the output voltage divider, 
leaving the desired output of —10Viw. 

The feedforward technique allows amplification at 
RF frequencies without stability problems. In an RF 
amplifier, a directional coupler replaces the output 
10-kQ/10-kQ divider. The coupler cancels the distortion 
while maintaining a 500 (or 750) output impedance. 
CATV amplifiers use feedforward techniques, for ex- 
ample, to transmit 60 TV channels (54 to 450 MHz and 
higher) for 30 miles. EDN 
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—10Vin + D 


MAIN AMPLIFIER 


ERROR AMPLIFIER 





Fig 1—A feedforward error amplifier provides cancellation of the main amplifier’s distortion products (D) while preserving the desired 


(—10V in) output. 





ECL IC forms high-speed oscillator 


M U Khan 
Systronics, Ahmedabad, India 


Using a quad line-receiver IC (Fig 1), you can build a 
gated oscillator that produces a square-wave output 
with a 20-Hz to 220-MHz frequency range. The ECL 
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device also provides balanced or unbalanced (single- 
ended) outputs, and it allows for synchronous gating of 
the oscillator output (Fig 2). 

In Fig 1, ICi, is configured as a Schmitt-trigger-type 
astable multivibrator, in which R, and C, determine the 
frequency. IC\’s output connects to the noninverting 
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and inverting inputs, respectively, of IC:g and IC,c. The 
other inputs of ICiz and ICic connect to the IC’s 
reference voltage Vpp (pin 9). Thus, the outputs of ICip 
and ICic provide single-ended CLOCK and CLOCK 
signals, and these outputs together provide a balanced 
differential clock signal. When §, is open, R, and C;, 
determine the oscillator’s frequency. 

With 8; closed, IC,p’s output controls the oscillator: 
An ECL logic 0 level (approximately —1.7V) allows the 
oscillator to run, and a logic 1 level (approximately 
—0.9V) inhibits the oscillator’s operation. ICip accepts 
either balanced or single-ended gating signals (for 
single-ended operation, remove R, and connect the 
noninverting input to Vpp). In either case, an ECL logic 
1 level at pin 6 turns the oscillator off, and the IC,, 
output always stops at the logic 1 level. EDN 





References 


1. Khan, M U, “Two-chip pulse generator operates at 75 
MHz,” Electronics, March 24, 1981, pg 139. 

2. Trimble, Donald, “Build a 1-chip, 300-MHz gateable 
oscillator,” EDN, April 4, 1985, pg 269. 
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O--- 
BALANCED 100 
GATING SIGNAL 

Ol 


Oo--- 





ICip_, GATING SIGNAL 
=Q.9V/—1.7V 


S; —0.9V/-1.7V 


—0.9V 
GATING SIGNAL 
AT PIN 6 
-1.7V 
—0.9V 
-1.7V LULU UL 
NOTE: 


PROPAGATION DELAYS BETWEEN VARIOUS INPUTS AND OUTPUTS ARE 
OMITTED FOR SIMPLIFICATION 


Fig 2—With S, closed, transistor Q,’s emitter assumes an ECL logic 
0 level to allow the Fig 1 oscillator to run; conversely, the oscillator 
turns off when the emitter assumes the logic 1 level. 


CLOCK O/P 
(SINGLE ENDED) 


CLOCK O/P 


Y Vep(PINY) (BALANCED) 


CLOCK O/P 
(SINGLE-ENDED) 


NOTES: 

IC; IS AN MC1692 OR SP1692. 
(PIN 8 TO —5.2V; PINS 1 AND 
16 TO GROUND) 


C1—2 TO 12 pF (VARIABLE) FOR 
220-MHz OPERATION; 100 nF FOR 20 Hz 





Fig 1—You can set this oscillator’s frequency from 20 Hz to 220 MHz and turn it off or on with an external ECL signal. 
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3 KHz-800 MHz 
over 50 off-the-shelf models 


from °29° 


Choose impedance ratios from 1:1 up to 36:1, 

connector or pin versions (plastic or metal case built 

to meet MIL-T-21038 and MIL-T-55831 requirements”). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1O00V 


(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


*units are not QPL listed 













now 
available! 
computer-automated 
A Division of Scientific Components Corporation 
pe rmance data World’s largest manufacturer of Double Balanced Mixers 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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C-program input functions are user friendly 





Odd Arild Olsen | tive to menu selection as a means of entering commands 
Norwegian Institute of Technology, in a C program. Getcom lets you avoid the unwelcome 
Trondheim, Norway pauses associated with a menu system as well as the 


| inconvenience of having your display disappear when 
The Getcom program (Listing 1) provides an alterna- the menu appears. 


LISTING 1 


/**** GET COM £kKK/ 


main() 
{ /* example of command record and calling GETCOM */ 
int comnr, def, level; 
char text(20]; 
static char *com[{]= /* array of legal commands, each less then 19 chrs */ 


{ 

“read-file”, /* 0 */ 

"write-file”, /* 1 k/ 

“delete-file”, /* 2 k/ 

"1nit-parametr-file”, /* 3 */ 

“init-data-file", /k & k/ 

"exit", /* 5 */ 

a /* *,' is the end-of-record mark */ 

}; 
level= 0; /* printout starts at left margin */ 
def= 3; /* default command is “init-parametr-file” */ 
strcpy(text, "file operatian"): 
while(1) 

{ 


comnr= getcom(com, def, text, level); 
printf("\n\ncommand accepted: Z%s",com({comnr]); 


} 
} 
getcom(com, def, text, level) int def, level; char *com[], *text: 
/* com  : pointer to command array | 
def : default command number 
text : printed to advice operator 
level : number of spaces to indent printout x / 
{ 
char inf19], *ptr; /* input <= 18 chars */ 
int dots, 1, match; 
while(1) 
{ 
printf(”\n" }: 


for( 1=0; i<level; i++) printf(" "); 
printf("Zs", text); 


dots=55 - (strlen(com([def]) + strlen(text) + level); 
for( 120; i<dots; i++) printf("."); 
printf("( "); 


printf("Zs",com([def]); 
printf(" ): "); 
scanf("718s",in); 
if('strlen(in)) return(def); /* CR returns default */ 
ptr= in; 
Continued on pg 204 
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MICRO CAP and MICRO LO 
put your engineers on line... 
not in line. 2c 


ae Y 
GREECE tea 
GH i) or mt 





MY OWN WORKSTATION 





How many long unproductive hours 
have you spent “in line” for your simula- 
tion? Well, no more. MICROCAP and 
MICROLOGIC can put you on line by 
turning your PC into a productive and 
cost-effective engineering workstation. 

Both of these sophisticated engineering 
tools provide you with quick and efficient 
solutions to your simulation problems. 
And here’s how. 


MICROCAP: 
Your Analog Solution 


MICROCAP is an interactive analog 
circuit drawing and simulation system. 
It allows you to sketch a circuit diagram 
right on the CRT screen, then run an AC, 
DC, or Transient analysis. While pro- 
viding you with libraries for defined 
models of bipolar and MOS devices, 
Opamps, transformers, diodes, and much 
more, MICROCAP also includes features 
not even found in SPICE. 

MICROCAP II lets you be even more 
productive. As an advanced version, it 
employs sparse matrix techniques for 
faster simulation speed and larger net- 






“Typical MICROCAP Transient Analysis” 


works. In addition, you get even more 
advanced device models, worst case capa- 
bilities, temperature stepping, Fourier 
analysis, and macro capability. 


MICROLOGIC: 
Your Digital Solution 


MICROLOGIC provides you with a 
similar interactive drawing and analysis 
environment for digital work. Using 
standard PC hardware, you can create 
logic diagrams of up to 9 pages with each 
containing up to 200 gates. The system 
automatically creates the netlist required 
for a timing simulation and will handle 
networks of up to 1800 gates. It provides 
you with libraries for 36 user-defined 
basic gate types, 36 data channels of 256 
bits each, 10 user-defined clock wave- 
forms, and up to 50 macros in each net- 
work. MICROLOGIC produces 
high-resolution timing diagrams showing 
selected waveforms and associated 
delays, glitches, and spikes—just like the 
real thing. 
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“Typical MICROLOGIC Diagram” 


Reviewers Love 
These Solutions 


Regarding MICROCAP . .. “A highly 
recommended analog design program” 
(PC Tech Journal 3/84). “A valuable tool 
for circuit designers” (Personal Software 
Magazine 11/83). 

Regarding MICROLOGIC .. . “An effi- 
cient design system that does what it is 
supposed to do at a reasonable price” 
(Byte 4/84). 


MICROCAP and MICROLOGIC are 
available for the Apple II (64k), IBM PC 
(128k), and HP-150 computers and priced 
at $475 and $450 respectively. Demo 
versions are available for $75. 

MICROCAP II is available for the 
Macintosh, IBM PC (256k), and HP-150 
systems and is priced at $895. Demo 
versions are available for $100. 

Demo prices are credited to the 
purchase price of the actual system. 


Now, to get on line, call or write today! 


Spectrum Software 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 
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Getcom lets you type the commands as character 
strings. Commands can consist of several hyphenated 
words. You can abbreviate each word to varying 


legal commands. Thus, an inexperienced user can delib- 
erately call up the menu by typing an illegal command 
(a space, for example). EDN 


lengths, and you can even abbreviate a word by using 
Just the first letter, provided no other legal command 
begins with the same letter. If you do enter an ambigu- 
ous command, the program will present a menu of the 
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Continued from pg 202 


while( *ptr= tolower(*ptr) ) +e0Urs 
match= compcom(com, in); 
1f( match < 0 ) { helpcom(com): continue: } 
/* try again if ambiguous or not legal */ 
‘else break: 
} 
return match; 
} 
compcom(k, in) char *k(],*in; 
/* compares given command with legal commands */ 
{ 
int 1, match, numbm: 
i= numbm= match= 0; 
while(*kf{i] != ‘'.' ) 
{ 
if ( 
l++; 
} 
if(numbm == 1 ) 
return -1; 


} 


/* command number */ 


comp( k{1J], in)) { match=i; numbm++: } 


/* one match: accept */ 
/* ambiguous or illegal command */ 


return match; 


7 OL; 

input-string pi against the template pm */ 
match, otherwise 0 

are template related 

are input related 


comp(pm,pi) char *pm, 
/* compares the 
/* returns 1 if 
/* ‘m'-pointers 
/* ‘i'-pointers 
{ 
char km[20], 
otrm=km; 
kotrm= 0; 
while(*pi ) 
{ 
if(*pi== ‘~') while( (*pm != ‘-' ) ge (*pm)) ++pm; 
/*truncate template to end or next ‘-' */ 


*ptrm, *ptri:; 


ptri= pl; 


epoit+t; 
kotrm++= 
} 
*otrm = 0; 
if(!strcemp(ptri, km)) return 1: 
return 0; 


} 


*pmt +; 


helpcom(com) char *com[];: 
/* prints the legal commands */ 
{ 
int i; 
120; 
while(*com[i] != 
printf("\n"); 
} 


) printf("\n Zs" ,comli++]): 
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M mM mM mM Mm mM MM Mm mM MM MM BM BM BM A HM A 


> i i Sa Se a 


Ud ag A hm ak ka ig ee a a an Sa Na el a ala 


IS THE NUMBER 
ONE CHOICE TO READ, 
REREAD, AND 
REFERENGE. 








MoM mM mM mM MM MM BM MM MM BM MM MM 





You said so yourself. 


Ask which electronic engineering publication is most useful on 
the job and your answer is EDN. 

Again and again. 

In fact, EDN has won 87 out of 125 (or 70%) of the independent 
readership/reader preference studies conducted since 1978. That includes 
capturing the 1984 Westcom Study, the most comprehensive readership 
study ever conducted in the industry. Which tells us EDN captures more 
attention than any other electronic engineering publication. 

Thanks. We couldn’t ask for better results. 


EDN 


First in Readership among Design Engineers and Engineering Managers in Electronics 


Moo Mm MK 


Cahners Publishing Company [1] Publishers of 33 specialized business magazines in Building & Construction (1) Electronics & Computers 


CO Foodservice 1 Manufacturing [1 Medical/Health Care Cahners Building, 275 Washington Street, Newton, MA 02158-1630 617/964-3030 
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Memory mapping reduces component count 


Robert A Dougherty 
Consultant, Palm Harbor, FL 


Consider a system whose CPU must write 16-bit con- 
trol words into 50 hardware registers (each of which 
requires two 54ALS374s, for a total of 100 DIPs). 
Several schemes can be used to later modify individual 
bits of this data—without disturbing the other bits. One 
approach is to accept the software burden of maintain- 
ing an image file of the data in memory. Another 
approach is to provide a means for reading back the 
hardware-register contents by adding another 100 
DIPs (54ALS8244s) to the machine. 

A third, and better, approach is to store the hard- 
ware-register contents directly in the CPU’s memory 
Space, so the image file in RAM and the 50 control 
registers are in the same software locations. When the 
system accesses a register for a write operation, it 


stores the data simultaneously in the RAM and in the 
hardware register. For a read operation, it can only 
read the data from RAM because the hardware lacks 
read circuitry and is unable to respond. Consequently, 
you can use the CPU’s bit-operation instructions, and 
hardware is kept to a minimum. 

Note that the system’s assembler or compiler must 
know exactly where the registers are located in its 
memory space, and it must place the image file in the 
Same space (most assemblers and compilers have this 
feature). Note also that if the system makes an error 
when writing to a 54ALS874, you have no guarantee 


that the registers and memory contain the same data. 
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Transducer improves ultrasonic ranging 


Mitchell Lee 
National Semiconductor, Santa Clara, CA 


In an ultrasonic ranging system, a single transducer 





Fig 1—The ringing that follows excitation of a piezoelectric trans- 
ducer can last for 20 msec, masking the echoes from targets within 10 
ft of the transmitter. In this photo, scale is 5V/div in the vertical axis 
and 200 wsec/div in the horizontal axis. 


206 


often does double duty: First, it behaves like a loud- 
speaker while generating the transmit pulse; then— 
ideally—it immediately stops ringing and behaves like 
a microphone while listening for the return echo. Piezo- 





Fig 2—Ring duration for an electrostatic transducer is less than 
‘oth that of a piezoelectric type, allowing easy recognition of an echo 
that occurs 800 wsec after the transmit pulse begins. Here, scale is 
5V/div in the vertical axis and 200 wsec/div in the horizontal axis. 

reap 
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electric transducers, however, have a high Q and can 
continue to ring for 20 msec or more after excitation has 
ceased, thus masking return echoes representing more 
than 10 feet of range (Fig 1). 

Broadband electrostatic transducers, however, lower 
the minimum range by reducing the ring time (Fig 2). 
You can combine an electrostatic transducer with an 
ultrasonic transceiver IC (Fig 3) to build a ranging 
system that senses objects at distances from 4 in. to 
more than 30 feet. 


12V 


1nF 


PARTS LIST 
DESCRIPTION 


Ly 15.8 mH ADJUSTABLE 
#CLN-2A900HM 


Ty PRIMARY 8 TURNS #24* 





SECONDARY 110 TURNS #30° 


POTCORE RM8P-A630-3B7 
BOBBIN RM8 PCB1-4 


CLIPS 991-393-00 
Xi TRANSDUCER 


Q, D45C6 Ic = 5A MIN; 
Veso = 40V MIN 








Transducer Y,’s broadband characteristic simplifies 
tuning. The secondary of T, resonates with the 500-pF 
capacitor C, at a frequency between 50 and 60 kHz. You 
tune L; to this frequency by using an oscilloscope to 
note the maximum echo sensitivity at pin 1. Step-up 
transformer T, provides 150V bias for the transducer. 

EDN 
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TO »P INPUT 


Qe 
2N2222 





SEC D3 Sy 


=| fee 


5V PULSE, 1 mA 
~15 Hz 


_Tx/Rx 


MANUFACTURER 


TOKO AMERICA 
(SKOKIE, IL) 


FERROXCUBE 
(SAUGERTIES, NY) 


POLAROID 
(CAMBRIDGE, MA) 


NATIONAL SEMICONDUCTOR 
(SANTA CLARA, CA) 


“IF MACHINE WOUND, SLIGHTLY LARGER 


WIRE SIZES MAY BE USED. 


Fig 3—This ultrasonic ranging system features an ultrasonic transceiver (IC ,) and an electrostatic transducer (Y,). Its sensing range is 4 in. 


to more than 30 ft. 
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YOU KNOW IT CAN 
BECOME A REALITY. 





YOU JUST NEED THE 


RIGHT TECHNOLOGY. 
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Creating high-performance High-performance bipolar, Only Honeywell is producing ee 
innovations takes vision...and the CMOS, and GaAs ASICs, 70) GO (Oho w- Telos) eGo) ole)l-l ur-lere! | 
fe /almccvel aleve) (oye |Cer=]  oy-] a0 e\~) including rad hard products, 2K GaAs gate arrays—the most. 

Vision separates what might ___ that only a breakthrough | powerful devices available today. | 
have been... from what will be. leader can provide. 7 _ With the only facilities in place 

You won't find a more capable, =—— Honeywell delivershigh- =——_—for 1.25-micron CMOS, bipolar, 
responsive, or technologically performance ASIC technology GaAs and rad hard production. 
advanced partner than Honeywell. _ that works. | A (<8 Come) centi(el lave mlala\e)-1K0) 6 | 
Custom and semicustom. _ with the working tools for high- | 
Small quantities and large. _ performance breakthroughs. In — 
Fast. Efficient. On time. computers, communications, VF 





©1986, Honeywell Inc. 
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insertion projects, military and 
commercial use of space, and more. 
Honeywell...meeting _ 
today’s needs, anticipating _ free brochure Honeywell 
tomorrow's challenges. today: 
We've committed the resources Honeywell Digital Product Center, 

to break the sub-micron barrier. 1150 East Cheyenne Mtn. Blvd., 

Ensuring a smooth evolution to Colorado meets CO 80906. 
your next generation systems. 800-328-5111 (ext. 3413). 

Honeywell will help you achieve 
your dreams, today...and tomorrow. | 


Together, we can find the answers. 
Send for our 
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HONEYWELL... 
THE RIGHT 
TECHNOLOGICAL 
PARTNER. 





Advanced 
Technology/Foundry 

Honeywell is the first VHSIC- 
qualified manufacturer to fabricate 
custom devices using commercially 
available compilation technology. 

Complete foundry services to 
produce your most advanced 
products utilizing 1.25-micron 
CMOS or bipolar technology. 

Incorporating high-speed, 


Unique capabilities have 
made Honeywell one of today’s 
premier ASIC manufacturers. 

As a result of our success in 
bipolar VHSIC Phase 1 and 2 
programs, we're delivering the 
highest-performance, highest-density 
ASIC products available today. 

In drawn geometries from 
1.25 to 5 microns. 

From 1,000 to a super-dense 





20,000 gates. | a m4 high-density megacells for 
Bipolar 3 oS — optimum performance of 
High-density gate arrays specific applications. 

featuring user-portable CAD Rad Hard . Packaging 

software support. Gate arrays and HUSTHONES: Innovative high-performance 
Built-in scan testability. developed to meet stringent military packaging that adapts to cost: 
Ultra-fast 225ps current: hardness specifications. effective volume production. 

mode-logic (CML) for your 10° Total Dose. 10° Prompt Highlighted by the 

high-performance Gamma Upset. Hardened to Single highest pincount TAB package 

computing applications. Event Upset. Zero Latch-Up. 3500 commercially available—284 pins. 
CMOS gates. 400ps-bipolar. 2ns-CMOS. And MICROPAK™, our exclusive 
ASIC products featuring Gallium Arsenide (GaAs) ceramic multi-chip carrier. 

exclusive B.E.S.T.™ testing Total capability must include We'll work with you to 

methodology. GaAs as a technology alternative. make advanced technology a 
And macro functions optimized And Honeywell has. productive reality. 

for your most advanced-performance From applications in We provide system 

systems applications. supercomputers, communications, applications, CAD, military 
32-bit add time of Sns. and Space. screening, test, assembly, and 
5-port register file read Our HGG2020 with 2,000 gates production for high-performance 

time of 7.5ns. is the industry's densest GaAs ASIC. ASIC projects. 

With user-portable CAD. JAN- 
eee sec ane ees 

HC20000 CMOS Gate Array HE8000 Bipolar Gate Array 10-clean rooms. Level B and $ 

L} 20,000 equivalent logic gates [} 8,000 equivalent logic gates screening capabilities. And twenty 

L) B.E.S.T.™ built-in self test CL] 225ps OR/NOR gate delays years systems experience. 

L] 400ps 2-input-NAND gate delays 0 188 ECL 10K/100K Honeywell...the right 

L] 238 LSTTL or CMOS compatible I/O technological partner, always a 

compatible I/O L] Built-in set-scan testability step ahead of your high-performance 

L] 284-pin PGA or TAB packaging L Speed/power programmable ASIC needs. 


macrocells 
LJ] 235-pin PGA package 
L] 6W typical power dissipation 


Together, we can find the answers. 


Honeywell 


Printed in 
018.6m 


B.E.S.T is a trademark of 
ETA Systems, Inc. 
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In 1980, afew people | ke cjaucaaal 
starting a company i 
with a new design | ) - 
methodology called 
Structured Compu- 
ter-Aided Logic 
Design, or SCALD. 
Among them were the 
inventors of SCALD, 
Tom McWilliams and 
Curt Widdoes. SCALD$ 
productivity was 
proven. In fact, it helped 
Tom and Curt develop 
the Navy’ S-1 super 
computers in ten-percent 
of the time it would have 
taken using conventional 
design techniques. 
SCALD would even- 
tually become a CAE 
industry standard. But 
early on, Tom and Curt 
believed that if combined 
with other industry-wide 
standards it would be the | 
ales solution for elec —_— en oo 
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company was born. A com- , 
pany called Valid. 
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NEW PRODUCTS: COMPUTER-AIDED ENGINEERING 
sss eee 





PC-BOARD DRILLER 


A light milling and drilling machine 
and a CAD program that runs on an 
IBM PC comprise the pc-board fab- 
ricator, ColorCam. The CAD pro- 
gram offers such graphics opera- 
tions as rubberbanding, zooming, 
rotating, copying, defining library 
components, and editing. Using the 
CAD program, a PC can control the 
fabrication of a circuit board. You 
can use the system to make single- 
and double-sided pc boards. The cir- 
cuit-board plotter leaves most of the 
copper surface of the base material 
on the board but divides it into 
conductor paths and terminal sur- 
faces. The milled channel becomes 
an insulating line between copper 
sections. $35,000; software only, 
$8700. 

LPKF Pacific, 20C Pamaron 
Way, Novato, CA 94947. Phone 
(415) 883-1717. TLX 470875. 

Circle No 350 


MACRO-CELL ROUTER 


Macroedge places and automatically 
routes ICs that contain variously 
shaped blocks. Pins can be on any or 
all sides of the block. The package 
includes tools for library manage- 
ment, floor planning, macro-cell 
placement, global routing, channel 
routing, and layout verification. The 
gridless channel router routes paths 
around obstacles that protrude into 
routing channels and around con- 
tacts that are larger than the wire 
width. You can select 90 or 45° rout- 
ing modes. The software is suitable 
for CMOS, NMOS, bipolar, and 
GaAs designs. In addition, the 
package can handle mixed analog 
and digital designs. A data transla- 
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tor generates output in the Calma 
GDSIT Stream format. Software, 
from $60,000; turnkey systems, 
from $113,000. 

SDA Systems, 2461 Mission Col- 
lege Blvd, Santa Clara, CA 95054. 
Phone (408) 727-7811. 

Circle No 351 





DOCUMENT STATIONS 


The Context Series of documenta- 
tion workstations integrate text and 
graphics from CAE workstations. 
The hardware consists of one or 
more Apollo Domain workstations 
and a laser printer. Basic software 
includes Doc (the text editor and 
formatter that Mentor Graphics in- 
cludes in its Docstation) and PicEd, 
a picture editor. These documenta- 
tion workstations can interface to 
other word-processing systems and 
draw text, data, and graphics from 
those systems. One feature allows 
you to see the document in exactly 
the same form as it will appear 
when printed. Another feature, au- 
tomated document management, 
ensures that all numbering, refer- 
ences, tables of contents, lists of 
illustration, and indices are correct. 
The size of the document under de- 
velopment has no limit but that of 
your storage capacity. The docu- 
mentation workstations track and 
control the way that your docu- 
ments change over time. The pack- 
age can distribute documents 
among several disk drives on a net- 
work, which lets you develop, edit, 


and review multiauthored docu- 


ments simultaneously. From 
$16,900. Delivery, approximately 45 
days ARO. 


Context Corp, 8285 SW Nimbus 
Ave, Beaverton, OR 97005. Phone 
(503) 646-2600. 

Circle No 352 


BEHAVIORAL MODELER 


The PC-Logs II logic-simulation 
package uses behavioral modeling 
to verify the semicustom designs on 
a personal computer. The package 
incorporates all of the logic verifica- 
tion features of PC-Logs I, but also 
includes PC-Model, which provides 
behavioral modeling. By combining 
gate-, switch-, and behavioral-level 
models, the software simplifies the 
development of models of complex 
logic devices. To further aid you in 
simulating your designs, the pro- 
gram checks your schematics and 
reports any discrepancies between 
the schematic and the models you 
have generated. During simulation 
runs, the package can accept I/O 
instructions. $2700; update of PC- 
Logs I, $300. 

Personal CAD Systems Ine, 981 
University Ave, Los Gatos, CA 
95030. Phone (408) 354-7193. 

Circle No 353 





WIRE-WRAP DESIGN 


Pen-Entry PC, an interactive 
graphics package for the IBM PC, 
PC/XT, and PC/AT, assists in the 
development of wire-wrapped or 
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Burr-Brown’s ADC803 A/D Converter 
and SHC803/804 Sample/Hold 
Amplifier let you lower system costs 
and increase throughput rates for 
your high frequency test, avionics, 
instrumentation, and signal analysis 
designs. 

ADC80O3 is the first analog-to- 
digital converter in its price range to 
offer guaranteed 1.0usec conversion 
time with +0.02%FSR accuracy and 
1.5usec for +0.012%FSR accuracy. It’s 
a complete device, with serial and 
parallel outputs, internal reference, 
clock, and comparator in a 32-pin 
metal DIP. Key specifications include: 
@ +10ppm max offset tempco 

@ +30ppm max gain tempco 

®@ no missing codes —25°C to +85°C 





At Halt 


High-speed ADC803 A/D Converter and SHC803 Sample/Hold Amp 
team up to give y 


150kHz 12-Bit 
Rate 
e Cost 






The SHC803/ 804 sample/hold 
amp is the perfect match for the 
ADC803, providing 350nsec max 
acquisition time and 150nsec max S/H 
settling time for +0.01% throughput 
nonlinearity, all in a 24-pin metal DIP. 
Other specifications: 

@ 10psec aperture jitter 

@ +4ppm max charge offset tempco 
@ —25°C to +85°C specification range 


For more information on these 
economical, high speed conversion 
components, contact your Burr-Brown 
sales representative or Burr-Brown, 
PO Box 11400, Tucson, AZ 85734. 
602-746-1111. 

CIRCLE NO 96 
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improving Data Conversion 
Productivity 


is born to the highest military standards. 
Producing gate arrays for 
military and aerospace customers is 


nothing new to UTMC. For years we’ve — 
been providing high-reliability ICs for. 


divisions of United Technologies 
Corporation. 

Screened to selected tests in 
MIL-STD-883C, the UT “B” family’s 
patented continuous column architec- 
ture increases density without sacri- 


ficing routability. It uses transistors to 


isolate signals and allows you to get 
up to 95% gate utilization. Self- 


contained buffers require no internal _ 


Our UT “B” Series gate array family o 
















nited Technologies 


Microelectronies Center 
1575 Garden of the Gods Road 


Colorado Cape > Ea 80907 
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discretely wired prototypes. The 
system compiles a database for pc- 
board or Multiwire-board produc- 
tion. The package comprises a pro- 
prietary graphics card, light pen, 
and software for installation on a PC 
or compatible machine. The add-on 
package lets you build a wire- 
wrapped board directly from your 
schematic’s net-list file. You can cre- 
ate a graphic facsimile of your panel 
and lay out components and connec- 
tions. Advanced devices and layout 
techniques such as gate arrays, 
SMDs, restricted area or via rout- 
ing, and twisted pairs are permit- 
ted. In addition, it generates output 
that’s compatible with numerically 
controlled wiring machines. $5999. 
Wire Graphics Inc, 95 Sherwood 
Ave, Farmingdale, NY 11735. 
Phone (516) 293-1525. 
Circle No 354 














MILITARY STATION 


The Sun-2/160T workstation meets 
Nacsim 5100A test requirements; 
the vendor has submitted the prod- 
uct for inclusion in the Preferred 
Products List published by the Tem- 
pest Qualification Special Commit- 
tee. Functionally equivalent to the 
company’s Sun-2/160 color worksta- 
tion, the -2/160T includes an 
MC68010 wP; 4M bytes of main 
memory; two 71M-byte, 5%-in. flop- 
py-disk drives; and a 45M-byte, 
1%4-in. streaming-tape drive. 
$60,800. 

Sun Microsystems Inc, 2550 
Garcia Ave, Mountain View, CA 
94043. Phone (415) 960-1300. 

Circle No 355 
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COLOR PLOTTER 


The Spectrum electrostatic color 
plotter produces color or monochro- 
matic plots on A-size (11872-in.) or 
B-size (11X17-in.) pages. The unit 
prints or plots on 11-in.-wide paper 
or polyester film at 2 ips; resolution 
is 200 points/sec. The plotter can 
produce color A-size pages in less 
than 60 sec and monochromatic 
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and become a genius at designing 


testable products Make your designs even more 
testable and profitable for your company. The LST Testability Advisor™ 
software package provides the information you need to design truly testable 
ICs, boards and systems. 

Ask the Advisor your most detailed testability questions and you'll get 
answers from its extensive data base. If you can’t quite define your 
questions, the Testability Advisor can “tutor” you. It’s a true “expert 
system” at your fingertips! 

The Advisor displays the latest information about testability techniques 
in sharp text and graphics on your computer. Checklists and an economic 
analysis spread sheet help you determine just how much testability to 
implement. 

Let the Testability Advisor make a genius out of you. Phone LST today for 
more information or to order your resident testability expert. 


ss 


LOGICAL 


SOLUTIONS 
TECHNOLOGY 
INCORPORATED 







Single Copy Price: $450 
Multiple Copy Discounts and 
Site License Agreements available. 












96 Shereen Place, Suite 101 
Campbell, CA 95008 USA 
(408) 374-3650 e Telex: 172867 
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COMPUTER-AIDED ENGINEERING 








drawings in 5 sec. It gives B-size 
color plots in less than 90 sec and 
monochromatic ones in 10 sec. An 
optional video interface, which in- 
cludes a frame buffer, can generate 
hard copy from a color or monochro- 
matic CRT. The unit includes an 
automatic media cutter for A- and 
B-size plots. Also included is a char- 
acter generator that produces 





BURR-BROWN’S 


ASCII characters. In its monochro- 
matic mode, the plotter emulates 
the company’s V-80 printer/plotter, 
and prints 132 characters/line at a 
speed of 1000 lpm. Without addi- 
tional software, the plotter pro- 
duces seven line colors. When used 
with this company’s Color Random 
software, which utilizes multidot 
pixels, the plotter can produce 256 





NEW INA105... 


A Precision Differential Amp 
You Can’t Afford To Build Yourself 








Total Accuracy Better Than +0.015% 


INA105 gives you a premium op 
amp and a precision laser- 
trimmed resistor network on a 
single IC chip, hermetically 
sealed and protected inside a 
compact metal TO-99 package. 
You can spend up to five times as 
much making your own and still 
not have INA105’s monolithic 
reliability and ease-of-use. 


Hundreds of Applications 

Use it alone or with a variety of 
input buffers for highly accurate, 
low cost instrumentation amplifier 
circuits. It settles to 0.01% in only 
ousec, with high 86dB CMR and 
low +2mA quiescent current. Try 
INA105 as a precision unity gain 
inverter, gain-of-two amp, absolute 
value amp, or synchronous 
demodulator. And its 20mA drive 
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Current is ideal for 4-20mA 
current-loop transmitter designs. 
The data sheet describes over 25 
basic applications, and you're 
sure to have many more. 


For complete information on this 

new basic analog building block, 

ask your Burr-Brown sales repre- 
sentative or contact Burr-Brown, 

PO box 11400, Tucson, AZ 85734. 
(602) 746-1111. 






BURR -BROWN® 


Improving Analog Productivity 


predefined and 256 user-defined col- 
ors from a palette of more than 1000 
colors. $11,950. 

Versatec, 2710 Walsh Ave, Santa 
Clara, CA 95051. Phone (800) 538- 
6477; in CA, (800) 341-6060. TWX 
910-838-0243. 
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The Iris Series 3000 family of real- 
time 8-D workstations consists of 
the 3010 terminal (20M-byte disk 
drive), the 3020 workstation (72M- 
byte disk drive), and the 3030 work- 
station (170M-byte disk drive). 
Each of these workstations features 
a 68020-based CPU, 8-MHz VLSI 
geometry engines, 2M bytes of 
memory (expandable to 16M bytes), 
eight bit planes of color (expandable 
to 82), and a 20-slot chassis. Also 
included are a 19-in. tilt-and-swivel 
color monitor, a keyboard, and an 
optical mouse. A floating-point pro- 
cessor board is optional. The 68020- 
based processor board provides a 
32-bit data bus, which furnishes a 
16-MHz clock speed. In addition, 
the workstations contain a set of 
specialized VLSI processors that 
generate 3-D graphics transforma- 
tions at a rate of 86,300 transforma- 
tions/sec. The workstations’ Extent 
File System speeds up disk I/O 
without wasting any disk space. 
3010, $39,900; 3020, $44,900; 3030, 
$54,900. 

Silicon Graphics Inc, 2011 
Stierlin Rd, Mountain View, CA 
94043. Phone (415) 960-1980. TLX 
350613. 

Circle No 357 
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TERMINAL 


This 80-column ASCII terminal, the 
Ant, features a 14-in. nonglare 
amber screen with a tilt-and-swivel 
base, a front-mounted power 
switch, and a side-mounted key- 
board jack. The screen has a 24-line 
display with an additional status 
and message line. The terminal dis- 
plays 7x9-dot-matrix characters 
within a 9x 12-character cell. It also 
displays double-height, double- 
width characters. A 1.3-in.-high al- 
phanumeric keyboard with 10 pro- 
grammable function keys is 
standard. Also standard is a 16- 
symbol graphics set for developing 
bar graphs, charts, and forms. To 
reduce the risk of exposure to envi- 
ronmental hazards, the monitor cab- 
inet houses all of the terminal’s elec- 
tronics. This terminal can emulate a 
Televideo TV910, Lear Siegler 
ADM38A and ADM5, and ADDS 
Viewpoint A2. $229. 

CIE Terminals Inc, 2505 
McCabe Way, Irvine, CA 92714. 
Phone (714) 660-1421. 

Circle No 358 


bines a 70M-byte Winchester disk 
drive with a 60M-byte QIC tape 
backup. The Winchester has 70M 
bytes (formatted) of data storage, a 
30-msec access time, and self-boot- 
ing capability. The tape drive uses 
Y%-in. tape cartridges and provides 
automatic data backup for the Win- 
chester. The tape offers both mir- 
ror-image and file-by-file back-up. 


You can also restore data from the 
tape to a disk other than the one 
originally backed up. The tape drive 
verifies data with a separate read 
head and corrects any errors during 

the recording process. $5995. 
Sysgen Inc, 47853 Warm Springs 
Blvd, Fremont, CA 945389. Phone 

(415) 490-6770. TLX 4990843. 
Circle No 359 


READING THIS AD CAN SAVE YOU 
UP TO $10.00 PER WORD 
WHILE INTRODUCING YOU TO A 
TECHNICALLY SUPERIOR MULTIMETER 





Now, the Uncompromising PREMA 6030 6-2, 7-Y2 Digit Multimeter 


PREMA now offers an internationally proven, 6-'2 digit, 7-2 digit computational 
multimeter that sets new standards in performance —and saves you hundreds 
of dollars in the process. Here’s a brief look at how the PREMA 6030 compares 
with a few of the more popular 6-2 digit units in terms of basic features and Cost. 







Solartron | 





MATH VDC! VAC 7-1/2 DIGIT| INTERNAL | 2/4 | PUBLISHED 

PRG. COMP. /|CALIBRATION| WIRE |1-PC. PRICE 
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$5740* 


What's more, the PREMA 6030 features: a one year drift tolerance of 0.005% for 
direct voltage and resistance measurements, a maximum direct voltage range 
temperature coefficient of 0.0003%/°C, a resolution of 100 nV, integration 
times from 100 ms to 20 sec., continuous averaging, autozero, 100 dB suppres- 
sion of power line frequency interference without a filter, a high impedance 
input of 10 GQ up fo +20V, and an optional 20 channel scanner. 


Price a PREMA. For more complete comparison and technical information on 
our 6-2 digit unit, give us a call today. Once you know the facts we think you'll 
agree that a PREMA 6030 leaves the competition behind. PREMA PRECISION 
ELECTRONICS, 6290 Sunset Blvd.,Los Angeles, CA90028. Phone:(213) 463-2294. 
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DISK/TAPE DRIVE 


For use with IBM PC, PC/XT, 
PC/AT, and compatible computers, 
the Sysgen Plus subsystem com- 


“Including options 
listed in comparison. 
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PLOTTER 


You can generate 18 media sizes, 
ranging from 82X11 in. to 36X48 
in. on the DMP-56 plotter. Sizes 
include standard A through E draw- 
ings as well as metric A4 through 
AO drawings. The plotter has a me- 
dia-size adjustment mechanism and 
an automatic media-size sensor to 
facilitate changes in media dimen- 
sions via menu-driven commands. 
This servo-driven machine offers a 
resolution to 0.001 in. and a plotting 
speed of 17 ips max. It interfaces 


with any computer that has a serial 
RS-282C port. $5995. 

Houston Instrument, 8500 
Cameron Rd, Austin, TX 78753. 
Phone (800) 581-5205; in TX, (512) 
835-0900. 

Circle No 360 





MICROFLOPPY DRIVE 
Able to place 1M byte of data on a 


3’-in. microfloppy disk, the 
M2532A drive is only 1.26 in. tall 
and weighs only 1.52 lbs. Its aver- 
age access time is 94 msec and the 
data-transfer rate is 250k bps 
(max). You can daisy-chain as many 


as four of these drives in a subsys- 
tem, or directly connect one to the 
controller of a standard 5%-in. flop- 
py-disk drive. Recording density in 
the drive’s modified FM (MFM) 
mode reaches 8717 bpi. MTBF is 
greater than 10,000 power-on 
hours. The drive can withstand a 
shock as great as 10g while in opera- 
tion. $112 (100). 

Fujitsu America Inc, 3055 Or- 
chard Dr, San Jose, CA 95134. 
Phone (408) 946-8777. TWX 910- 
338-2198. 

Circle No 361 


32-BIT COMPUTERS 


Both the C1230 and C1260 super- 
minicomputers provide communica- 
tions and graphics features and can 
support as many as 128 users. The 
C1230 features a proprietary 32-bit 
processor, a floating-point coproces- 
sor, a RISC-based architecture, and 
a Berkeley 4.2 Unix operating sys- 


You Don’t Need a Thousand Words 
When You Have a Picture Like This! 
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*3.5 NS max. rise & fail time measured at CRT cathode. 
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The eerele[omeler lia 


demonstrated here is re- 


quired by your customers... . 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 


You can provide it! While 


other video monitor venders 
claim, "about 100 + MH2Z"’ 


video bandwidth, * Video 
Monitors, Inc. provides it! 


While other vendors claim, 
“full gray-scale color capabill- 


ty,’’ VMI delivers it! 


And if your customers or 
you need semi-custom or 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 


resolution monitors. 


3933 North White Avenue 
Fau Claire, Wisconsin 54703 
(715) 834-7785 
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Ergonomic Design 











State-of-the-Art Technology 
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ANNOUNCING 

ANOTHER 

BONUS FOR YOU 
FROM EDN: 












pari wwside 





seca two bie EDN F hale you do your 
design jobs more efficiently with editorial focused on 
the applications of new products and technology. Now, 
once a month EDN Product News will augment EDN, 
helping you select new products. In a tabloid format, 
EDN Product News will cover in greater depth the 
components, equipment, and systems you need to 
solve design problems. 

Your copy of EDN Product News will be arriving 
soon. When it does, you’ll see that EDN Product News 
provides the freshest, most detailed information avail- 
able on new products and new-product developments. 


Premiering April 10,1986 
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tem. The C1260 gives you the option 
of using dual processors for faster 
program execution. Based on the 
Whetstone benchmark, the C1230 
performs single-precision opera- 
tions at 3.25 MIPS; the C1260 can 
run at 6.15 MIPS. Each air-cooled 
unit, enclosed in a 29x30x21-in. 
cabinet, plugs into a standard elec- 
trical outlet. C1230, from $75,000; 
C1260, from $110,000. 

Celerity Computing, 9692 Via 
Excelencia, San Diego, CA 92126. 
Phone (619) 271-9940. 

Circle No 362 


COLOR DISPLAY 


This IBM PC-compatible display, 
the LCS Color Graphtext System, 
gives you color graphics and text 
with a 640x400-pixel resolution. 
The system includes an LCS 1220 
color-graphics display that incorpo- 
rates a 12-in. liquid-crystal-shutter 
display. The liquid-crystal-shutter 





technology provides a picture that’s 
sharper than a comparable RGB 
CRT picture. For graphics applica- 
tions, you also receive an LCS E480 
emulator card; it sends the display 
high-resolution signals while main- 
taining compatible operation with 
unmodified 200-line MS-DOS soft- 


ware. The system displays 16 colors” 


in its emulation mode and lets you 
choose from three high-resolution 
text modes. One text mode displays 
a full-page 50-line screen using an 
8X 8-pixel character matrix. $1575. 

Tektronix Inc, Box 500 M/S 
46-556, Beaverton, OR 97077. 
Phone (508) 627-5000. 


Circle No 363 





LINE-MATRIX PRINTER 

Producing draft-quality printing at 
400 lpm, the MT540 line-matrix 
printer uses optional, interchange- 
able type-style cartridges for differ- 
In draft-quality 


ent print styles. 





POLYMER MATERIALS 


Button Up 


Your Overcoat. 


Conformal products for 
reliable circuit protection. 


UNISET®UV, UNICOAT®, and ECCOCOAT® 
conformal coatings represent the most complete 
selection available. Standard or custom formulations 
can fit any processing requirement. They offer: 


|__Mtey]an]©)|li(<10 Mm @)(@(ex=15.5)] 816 pers) ©) f= |e] axe |] Ol=10)@)|(er=11(0)8 


MM Reduced processing time--a choice of cures (UV, 
heat or RT) to work more efficiently with your system 


@ Reliability--many are MIL or UL recognized 


@ Durability--superior heat, solvent and 


slaVR@ AAAs AiiclEkesisiclalers) 


Let us help you find a way to reduce circuit assembly 
costs and improve reliability. Button up with conformal 


coatings from Emerson & Cuming. 


77 Dragon Court 
Woburn, MA 01888 
1 -800- TECHWAY 
(832-4929) 


EMERSON & 
CUMING INC 


Polymer & Electronic Materials 
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Headers ¢ Sockets Jumpers, etc., For Back Panel Packaging 


UNIVERSAL 7IF SOCKET 


with significant advantages over 
competitive sockets! 


24, 28 and 40 position; each accepts 
.300, .400 or .600 center devices! 


wide leads. 


oC SO Se) 
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Platings - Tin for 105°C 
Gold for 150°C 

Special platings & base 
metals for burn-in appli- 
cations over 150°C. 


CIRCLE NO 111 





® PO. Box 130 
Frenchtown, NJ 08825 


ELECTRONICS, 


Telephone (201) 996-6841 
INC. TWX 510- 6. 3301 


Priced 20% below 
competitive units! 


Accepts .015 to .045 


Contact Rating - 1 amp. 
29,000 - 50,000 - cycles 


UL 94VO Ryton 


Socket handle available 
UP or DOWN for closed 
position. Also left or 
right. 


See EEM pgs. 
EDN April 3, 1986 
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Quality Card Readers For Your System 
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ee Fon, 
Just Plug Them In! 


Our readers are specifically designed to eliminate the 
costs and bother of system integration. To your com- 
puter/controller they look just like any industry standard 


peripheral. Interface is standard RS-232C or RS-449, 
with magnetic data translated to ASCII. 


- All but eliminates software development 

¢ User configurable 

¢ Self-test diagnostics 

¢ Resident buffer or real-time data transmission 
« Compact table top or “build-in” versions 

« Accepts 115 VAC or 5 VDC power 

¢ Patented Spatial Decoding for high reliability 
¢ Patented head mounting for extended life 


Model 61 


American Magnetics Corporation x 


740 Watsoncenter Road Carson, California 90745 G, 
213) 775-8651 TWX 910-345-6258 “PORK 
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mode, the printer offers a 9X9 char- 
acter matrix; in correspondence 
mode (about 100 lpm), it provides an 
18x24 matrix. An adjustable trac- 
tor, combined with rear or bottom 
paper-feeding capabilities, can han- 
dle paper as wide as 16 in. and forms 
as thick as six pages. The printer 
can produce subscript, superscript, 
shadowed, and multiheight charac- 
ters. Each ribbon cassette has a 
minimum lifetime of 20 million char- 
acters. $3495. 

Mannesmann Tally Corp, 8301 S 
180th St, Kent, WA 98032. Phone 
(206) 251-5500. TLX 320200. 

Circle No 364 


PLOTTERS 


The 5800 Series electrostatic plot- 
ters feature a palette of 1024 colors, 
400-dots/in. resolution, and inte- 
grated vector-to-raster conversion. 
Suited for pe-board and IC design, 
these plotters also provide electron- 





ic registration, a proprietary meth- 
od for ensuring 0.1% vertical and 
horizontal accuracy during multiple 
print passes. The Series comprises 
three models: The 5825 handles 24- 
in.-wide media; the 5835 handles 
36-in.-wide media; and the 5845 han- 
dles 44-in.-wide media. Each model 
can generate plots as long as 500 ft. 
These plotters use specially treated 
dielectric media, including paper 
and film. The plotters place an elec- 


tronic charge on the media and ex- 
pose the media to as many as four 
liquid toners, each of which pro- 
duces a different, permanent image 
on the media. Model 5825, $68,000; 
5835, $91,000; 5845, $112,000. 
Calcomp, 2411 W La Palma Ave, 
Anaheim, CA 92801. Phone (714) 
824-2142. 
Circle No 365 





LASER PRINTER 


The Kiss laser printer offers a 6 
page/minute print speed for $1995. 
The printer includes built-in printer 





TIME SAVER 


mbted thas) Oerere Rercle) (ceelale Melt ike) ete 
designed assemblies are our specialty. 
Cables that must be absolutely reliable, 
extremely flexible, and smaller than pre- 
viously thought possible. 

We're meeting the demands of rigid 


electrical parameters and controlled im- 
pedance, at the same time providing mini- 
ature coaxes, assemblies cut to electrical 
length, and the highly-automated termi- 
nation of conductors to 38 AWG. 
The results? Very small solutions to 
some mighty big problems. Real time 


Savers. 


NATIONAL 
ELECTRIC 
CABLE 


16640 S.W. 72nd Avenue, Portland, OR 97224 





(503) 620-9400 
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Arium.What logic analyzers 


should have been from the beginning. 


This fall, a powerful new series of 
logic analyzers will challenge the tradi- 
tional dominance of Tektronix and 
Hewlett Packard. 

The new systems will incorporate 
all the most frequently used features of 
the best Tek”and HP™units— then add 
critical new performance features the 
two giants don’t deliver. Without Tek and 
HP’s complexity of operation. Without 
their lengthy learning curve. And without 
their whopping price tag. Introducing 
the Arium 4100C series. 

System L operates on 4 channels at 100 
MHz all the way to 32 channels at 12.5 
MHz. It offers powerful data qualification 
by word, word combination or code area. 
Complex triggering by menu, with up to 
four level sequence selection (including 
Boolean combinations). And displays in 
flexible formats. All for just $2,995. 

System 8 handles all major 8-bit 
microprocessors with .. 
the same speed and 
features as System L. 

Then adds dis- 
assembly, including 
all exceptions and 


See us at Electro, 
Booth #’s 2223 & 2225 


bus cycles, built-in non volatile memory, 
automatic test sequencing, powerful 
search and compare, eight saved set-ups 
and RS-232C communications. Its 
price: $4,685. 

System 16 troubleshoots 68000, 68010, 
8086 and 8088 chips with powerful fea- 
tures never before available. Prefetch 
filtering that eliminates unexecuted pre- 
fetches and prevents false triggering. Full 
bus cycle display. Jump mode™ for auto- 
matic tracing of start and stop points 
of branches. Cycle unscrambling on up 
to 62 channels. Plus all the features of 
System 8. And all for $5,850. 

Optional 5 nsec glitch pod and ROM 
emulators are also available. 

Arium is the world’s third largest pro- 
ducer of high performance logic analyz- 
ers. Phone us at 800-862-7486 and ask for 
our free Information Pack. 

The Arium 4100C series. They're what 

_ logic analyzers should have 


ig pect 


gee been from the beginning. 


: WUM 


F 1931 Wright Circle 

1 Anaheim, CA 92806 
(714) 978-9531 
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The hole story about 
fiberoptic connectors 


The more concentric the hole 
in a fiberoptic connector, the 
more precise the alignment 


... the lower the signal loss... 


the greater the efficiency of 
the system. 


Augat Fiberoptic Con- 
nectors are produced with a 
hole tolerance held to an 
incredible +4,—0 microns. 
Concentricity is maintained 
within 2 microns of geo- 
metric center. (Ferrules are 
machined in Augat’s Swiss 
facility by the world masters 
of precision components.) 


Augat Rhode Island further 
ensures optimal alignment by 





See the light. / 


subjecting its connectors to 
profile magnification and 
laser optical power measure- 
ments on uniquely revealing 
instruments. No other manu- 
facturer dares take such a 
close and potentially unflat- 
tering look at itself. 


Best of all, you pay no more 
for the superior excellence of 


the finest fiberoptic connectors. 


Our complete line of SMA 
style multimode connectors 
are available in Arcap and 
Nickel Plated Brass. We also 

CIRCLE NO 109 








offer a field installable single 
mode connector with less 
than .5dB insertion loss. 


You'll find Augat Fiber- 
optics refreshing to do 
business with...the substan- 
tial resources of a large 
corporation combined with 
the responsiveness and 
service you require. 


See the light with AUGAT 
FIBEROPTICS, 710 Narragan- 
sett Park Drive, Pawtucket, 
RI, 02861. Telephone (401) 
724-4400. Telex—511450. 


AUGAT 


Quality and Innovation 
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emulations of Diablo, Epson, and 
Qume printers. Character resolu- 
tion is 90,000 dots/in. This printer 
has 78k bytes of user-accessible 
memory, allowing you to intermix 
text and graphics on the same page. 
The printer also features 256k bytes 
of ROM, a 68000 pP, and a control 
panel. A Centronics parallel inter- 
face is standard; you can order an 
RS-232C interface. You also get 
nine resident fonts for as many as 40 
print combinations. 
QMS Inc, Box 81250, Mobile, AL 
36689. Phone (205) 633-4300. 
Circle No 366 


ANSI/ASCIT TERMINAL 


The CIT 50+ is a 182-column termi- 
nal that supports both the ANSI 
and ASCII protocols. It offers emu- 
lation of a DEC VT100 ANSI termi- 
nal and a Wyse WY-50 ASCII ter- 
minal. You can use it as a 2-function 
terminal for applications involving 
multiple hosts. In addition to its 
24-lineX80- or 132-column display, 
the terminal has a status line and a 
label line. The 7<9-matrix charac- 
ters have 2-dot descenders. The ter- 
minal has a 1.3-in.-high keyboard 
with 101 keys, including 382 pro- 
grammable, nonvolatile function 
keys. The power switch is on the 
front of the cabinet. $599. 

CIE Terminals Inc, 2505 
McCabe Way, Irvine, CA 92714. 
Phone (800) 624-2516; in CA, (714) 
660-1421. 
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MODEM 


Providing asynchronous data com- 
munication at 300, 1200, and 2400 
bps or synchronous communication 


EDN April 3, 1986 





at 1200 and 2400 bps, the 224A/D 
modem operates with both termi- 
nals and microcomputers. The 
modem uses V.22 and V.22 bis mod- 
ulation to permit full-duplex opera- 
tion over the public switched tele- 
phone network. At 1200 and 300 
bps, the unit functions as a Bell 
212A or 103 modem. Its capabilities 
include tone or pulse dialing, auto- 


matic answering, blind dialing, and 
built-in diagnostic testing. A non- 
volatile battery-backed memory 
stores as many as 10 telephone num- 
bers or log-on sequences. $645. 
Universal Data Systems, 5000 
Bradford Dr, Huntsville, AL 35805. 
Phone (205) 837-8100. TWX 810- 
726-2100. 
Circle No 368 


Multitasking 
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for real-time STD Bus control. 


CIRCLE NO 105 


$e Been 
0: eae: 


1 1/O channels. 
d interrupts 
nter/timers 
TD Bus compatible 


lorado 80030 





229 


NEW PRODUCTS: COMPONENTS & PACKAGING 








DATA SYSTEMS 


The 12-bit AD369 data-acquisition 
Systems combine a_ program- 
mable-gain instrumentation amplifi- 
er, a track-and-hold amplifier, and a 
12-bit A/D converter in a 28-pin 
metal package. The units feature a 
system throughput of 50 kHz at 
software-programmable gains of 1, 
10, and 100, and throughput of 20 
kHz at a gain of 500. They can 
operate in a bipolar or unipolar 
mode, with a 10V span at a gain of 1. 
Two versions, the AM and the BM, 
guarantee maximum nonlinearity of 
“4 LSB and % LSB, respectively. 
Monotonicity is guaranteed over 
—25 to +85°C for both versions. The 
A/D converter uses the successive- 
approximation technique to achieve 
0.012% maximum nonlinearity and a 
conversion time of 15 usec max. 
Track-and-hold acquisition time is 3 
Sec max. Typical power consump- 
tion is 775 mW. AM version, $107; 
BM version, $124 (100). 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 935-5565. 

Circle No 369 


REFERENCE JUNCTION 


You can order the Model NC143 
with any reference-temperature 
setting within its operating range of 
—65 to +125°C (operation to 200°C 
is also available). The junction is 
available for all thermocouple mate- 
rials and power sources. This minia- 
ture full-bridge reference junction 
with two mounting holes and either 
solder terminals or leads eliminates 
the need for ice or electromechani- 
cal temperature-simulation devices. 
The unit is externally powered by 1, 
1.385, 5, or 10V de, as required. 
Power consumption can be as low as 
100 wW. Temperature stability is 
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>+0.25°C at any stabilized ambient 
temperature between —54 and 
+100°C. Output impedance is 
<2500 standard, with other output 
impedances available upon request. 
The module is designed to meet or 
exceed MIL-E-5400. $53.10 (100). 
Hades Manufacturing Corp, 151 
Verdi St, Farmingdale, NY 11735. 
Phone (516) 249-4244, 
Circle No 370 


PANEL METERS 
The CPM500 Series panel meters 
combine analog display with digital 
electronics for high visibility and 
accuracy. Because the output inten- 
sities of the LED segments are 
matched, the 50 bar-graph seg- 
ments have uniform color and visi- 
bility; the matching also creates a 
continuous bar that lets the user see 
the meter from a distance or in dim 





light. Input signals are displayed on 
the circular bar graph with an accu- 
racy to 0.5% or 0.1% with the op- 
tional 3- or 4%-digit display. The 
meters have a full-scale response 
time of 2.5 msec for de or digital 
inputs and 300 msec for ac inputs. 
The CPM500 features a de-signal 
input for analog representation of 
process conditions. The CPM510 ac- 
cepts 17-bit binary signals. The 
CPM520 will respond to ac frequen- 
cies from .40 to 1000 Hz. The 
CPM542 features simultaneous dis- 
play of process variables and set 
points on one analog scale. The me- 
ters are designed to operate in 
harsh environments. CPM500, 
$310. Delivery, six weeks ARO. 

Bowmar/Ali Inc, Box 10, Acton, 
MA 01720. Phone (800) 343-5202; in 
MA, (617) 263-8365. 


Circle No 371 





RELAYS 


G2E-M spdt relays are compatible 
with automatic machine-insertion 
equipment and automatic soldering 
systems. Units are available in ei- 
ther single- or bifurcated-crossbar 
types in general-purpose or high- 
sensitivity models. Rated coil volt- 
ages range from 1.5 to 24V de. Load 
capability equals 0.5A at 110V ac 
and 0.38A at 24V.de for inductive 
loads. The general-purpose relays 
draw about 450 mW, and the high- 
sensitivity units consume approxi- 
mately 200 mW. Operating times 
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Electronics and computers are the fastest growing markets in 
the USA. Sales doubled in the past seven years, and will double 
again in the next five. It takes a lot of circulation to reach all the 
important buying influences in these complex, fast-growing 
markets. Cahners can help you. We publish eight magazines in the 
electronics and computers fields, with a combined circulation of 
over 800,000. Last year we sent over 4 million sales leads from the 
readers of these magazines to advertisers in the field. Cahners 
Means Business. That’s why we’re the first choice of American 
business in magazines for electronics and computers. 


Cahners Publishing 


33 Specialized Business Magazines for Building & Construction, 
Electronics & Computers, Foodservice, Manufacturing, and Health Care. 
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2-winding, center-tapped EP101C- 
602 has a primary inductance of 
6000 wH, 1.26-~H leakage induc- 
tance, 592 primary dc resistance, 
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Don’t let power switching relays be 
the weak links on your PC board 


Oo nN Gi designs. Rely on the Airpax family 


of PC board-mountable relays to deliver the reliable, consistent 


2 a L AY performance you've integrated into every other facet of your design. 
Airpax power switching relays combine peace of mind with econ- 
omy and real design freedom. Base your choice 
C AN Ni AKE on size, contact ratings, coil configurations, 
standard or special materials, or virtually any 
other criteria. And rest 
YOUR PC BOARD ==": 
choose will not turn your best designs 
sour. Available in SPST through DPDT. One amp 
APPE AR 5 O 8 o through 15 amps, plus gold cross bar contacts for 
low-level switching. UL and CSA recognition. 
Call us today and ask about the Airpax power switching 
OM a ‘ beg i a G relays currently specified around the world for television 
T’S Al O openers, automotive controls and hundreds of other PC board applications. 


















circuitry, office equipment, appliances, alarm systems, door 
Airpax Corporation, Frederick Division, Husky Park, Frederick, MD 21701. 


HM (301) 663-5141. A North American Philips Company. 











| AIRPAX 


FREDERICK DIVISION 





COMPONENTS & PACKAGING a 
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78-pF interwinding capacitance, 
9-pF’ effective distributed capaci- 
tance to ground, and a 30 V-ysec 
voltage-time constant. Operating 
range is —10 to +125°C. $2.50 
(1000) for the EP101C-602. Deliv- 
ery, stock to six weeks ARO. 

PCA Electronics Ine, 
Schoenborn St, Sepulveda, 
91343. Phone (818) 892-0761. 
Circle No 374 


16799 
CA 


OUTPUT MODULE 


The QMXAO module reduces the 
cost of using the manufacturer’s 
wMAC-5000 system for small-scale 
control applications by providing 2 
to 4 channels of analog output di- 
rectly from the 5000 system without 
adding expansion boards. The mod- 
ule plugs directly into a socket on 
the 5000’s master board. It provides 
12-bit D/A resolution and voltage (0 
to 10 or —10 to +10V) and current 
(0 to 20 or 4 to 20 mA) outputs, 





which are simultaneous. Each chan- 
nel has 1000V isolation. In the volt- 
age mode, the module provides 
enough current to allow it to serve 
aS a programmable sensor-excita- 
tion source. $295. 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 461-3359. 
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TY PE-D CONNECTORS 


These male and female insulation- 
displacement connectors directly ac- 
cept 0.05-in. pitch cable and include 
feedthrough covers to permit chain 
interconnections. The type-D sub- 
miniature connectors accommodate 
30-AWG solid and 28- or 26-AWG 


stranded conductors. They have 
metal shell protection and shielding 
at the mating interfaces and are 
available with screw locks, check 
nuts, slide-lock retainers, or spring- 
lock retainers. In addition, you can 
purchase the connectors with inte- 
gral 4/40 nut mounting hardware 
and full strain-relief caps. Connec- 
tor moldings are glass-filled polyes- 
ter with a UL flammability rating of 
94V-0. Contacts are copper-based 
alloy, and contact plating is 50-pin. 
nickel with 30-pin. gold at the plug 
area. $6.85 for a 50-position connec- 
tor (OEM qty). 

Carrot Components Corp, 750 W 
Ventura Blvd, Camarillo, CA 93010. 
Phone (805) 484-0540. TWX 910- 
336-1237. 
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DATA SYSTEM | 
This hybrid data-acquisition subsys- 
tem, Model AH9612, contains a 16- 


The Bus/Board Users Show & Conference 


BUSCON/86-EAST 
Oct. 1 & 2, 1986 


Northeast Trade Center « Route 128, Woburn, Mass. 


GET THE SCORE: 

¢ Which vendors are winning the battle 

¢ What products are available 

) ¢ New ways to solve your technical needs 

e How to keep you and your company up 
to date in this rapidly changing field 

¢ All about new—and special—Bus 
architectures 


SEE: Hands-on exhibits with new 
Bus/Board products 


LEARN: Through tutorial seminars and 
technical sessions on emerging Bus 
technologies and features, plus new 
applications ideas for your current projects 


For more information, write Bill Weber, 
BUSCON, 17100 Norwalk Bivd., Suite 116, Cerritos, CA 90701-2750, 
or call Bill at (213) 402-1610 
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VA 7 AN Bolom ra ick 
WITH A SIGNAL TRANSFORMER 
YOU NEVER DREAMED POSSIBLE! 


(over 400 off-the-shelf models—for immediate delivery!) 








We can accommodate 
signals from 3.5 Hz to 1000 


MHz! We can provide over 140 _ 
ee dB noise isolation in video, 
| high-speed data, and _ 


ae : process control lines! 
We can minimize signal 


distortion, with less than 
We |sMirciatiexswigeiim enya ce) 


We can match impedance 


We can handle a1 kW | ratios of up to 25:1 with al 
ses over a 2 to 32 ee. kHz to 5 MHz bandwidth! 


f ge ' olen elir ” 
to due to differences in grou 
-common- -mode noise. 


[EEE 802.5 LANs. _. 
Pulse Transmission—To 
insure clean, high-speed data. 
7 Nobody offers a wider choice | 
of off-the- shelf wideband transformers. Nobody! - 
Anil necessary, we ‘Il custom design to meet your 
_ specific needs. 
Just call Sales Engineering: 516- 671 5700. Or 
- write for our free catalog. — 


1 1 Alexander Place, Glen Cove. NY 11542- 3796 516) 671-5700 telex. AS 6886 
— CIRCLENO 116 





COMPONENTS & PACKAGING 





a 


channel multiplexer, a program- 
mable-gain instrumentation 
amplifier, a self-contained S/H am- 
plifier, and a 12-bit, 25-wsec A/D 
converter in a 64-pin DIP. The am- 
plifier offers programmed gains of 1 
to 1000, and the A/D converter is 
compatible with the 12-bit 574 A/D 
converter. A free-running mode al- 
lows automatic sequencing and 


stand-alone operation. The adjust- 
able 10V reference provides 10 mA 
for driving external circuitry. This 
subsystem is available in +%- and 
+1-LSB  differential-linearity 
grades, both with 86-dB CMMR, 
80-dB multiplexer crosstalk, and 
80-dB S/H feedthrough. Both 
grades dissipate 1.66W max. +%- 
LSB grade, $142; +1-LSB grade, 


ANALOG IS ALIVE 
AND WELL IN: 
A _Designer’s Guide to 
Innovative Linear Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circuits. 

This 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 
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$110 (100). 

Analogic Corp, 8 Centennial Dr, 
Centennial Industrial Park, Pea- 
body, MA 01961. Phone (617) 246- 
0300. TWX 710-348-0425. 
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DIP OSCILLATORS 


The CO-404V Series hybrid voltage- 
controlled crystal oscillators are de- 
signed specifically for phase-locking 
applications. They provide TTL out- 
put at specified center frequencies 
from 25 to 70 MHz. Deviation for 0 
to 5V control signals ranges from 
+30 to +100 ppm. This deviation 
allows you to lock onto the specified 
center frequency over the operating 
range (0 to 50°C or —55 to +85°C) 
for 10 to 20 years without adjust- 
ment. These 0.2-in.-high, double- 
DIP, resistance-welded oscillators 
are rated at 10°° atm/cc in fine-leak 
testing per MIL-STD-883. The 3- 
point crystal mount results in sine 
and random vibration levels exceed- 
ing 20g to the 2-kHz point. They 
conform to MIL-O-55310 and are 
available screened to level B. From 
$130 (25). Delivery, 10 weeks ARO. 
Vectron Laboratories Inc, 166 
Glover Ave, Norwalk, CT 06850. 
Phone (203) 853-4433. TWX 710- 

468-3796. 
Circle No 378 


SIP NETWORKS 


The MRN SIP resistor networks 
feature a %W power rating and pro- 
vide pullup, pulldown, and voltage- 
dividing functions. Available in val- 
ues of 100 to 2.2 MQ, the networks 
spec a 100-ppm TC resistance with a 
2% tolerance. They are rated at 
150V de over —55 to +125°C. Five- 
through 8-pin SIP networks come in 


EDN April 3, 1986 


COMPONENTS 
& PACKAGING 





1500-piece packages; 9- through 
12-pin SIP networks come in 1000- 
piece packages. $0.012/pin (10,000). 
Delivery, eight to 10 weeks ARO. 
Kyocera International Inc, 
Electronic Components Group, 
11425 Sorrento Valley Rd, San 
Diego, CA 92138. Phone (619) 454- 
1800. 
Circle No 379 





LOG AMP 


The ICLWXIC is designed to meet 
environmental standards as defined 
in MIL-E-5400 and MIL-E-16400 
and operates over —54 to +71°C. 
Typical specs include a 1-GHz fre- 
quency, 700-MHz bandwidth, dy- 
namic input range of —60 to 0 dBm, 
and +1-dB linearity. The amplifier 
will deliver 750 mV into a 500 load. 
Transfer slope equals 12 mV/dB 
(nominal), and input impedance is 
509. $3750. Delivery, 150 days 
ARO. | 
RHG Electronics Laboratory 
Inc, 161 E Industry Ct, Deer Park, 
NY 11729. Phone (516) 242-1100. 
TWX 510-227-6083. 

Circle No 380 
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“Having a reliable 
source of ceramic PWBs 
has been the problem 
with. eadless chip 
carriers. Until now: 


Boeing Electronics Company 
Reliability By Design 
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“By using a hybrid micro- 
oye we dot a 20-to-1 

size reduction and an. 

improvement in relia- 


bility, too: 






Boeing Electronics Company 
Reliability By Design 
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NEW PRODUCTS: ICs & SEMICONDUCTORS 








BUFFER AMPLIFIERS 


The LH0033 and LH0063 unity-gain 
buffer amplifiers provide high-cur- 
rent drive at frequencies from 0 to 
300 and 100 MHz, and at slew rates 
of 1500 and 6000V/ysec, respective- 
ly. The buffers can drive loads as 
low as 500 and can provide as much 
as 600 mA (LH0063) of output 
drive. Both devices are JFET-input 
followers that exhibit very low in- 
put-bias current: 100 pA max 
(LH0033) and 500 pA max 
(LH0063). You can use these ampli- 
fiers as high-speed line drivers, as 
nuclear-instrumentation amplifiers, 
and as operational-amplifier isola- 
tion buffers for driving inductive 
loads. The ICs can also serve as 
high-impedance buffers for high- 
speed A/D converters and compara- 
tors. In a hermetically sealed TO-8 
package, LH0033, $17.34; LH0063 
$23.80 (100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 381 


POWER MOSFETs 

These 10 power MOSFETs now 
meet JAN qualifications. The de- 
vices include even part numbers 
2N6756 through 2N6766 and 
2N6796 through 2N6802 (JAN, 
JANTX, and JANTXV levels). 
Breakdown-voltage ratings span 100 
to 500V; continuous-current capabil- 
ities are 1.5 to 838A. The MOSFETs 
Suit power-conversion and motor- 
control applications in high-reliabili- 
ty or harsh military environments, 
for example, switching power sup- 
plies, de/de converters, and power 
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drivers. In TO-8 and -39 packages, 
$9.73 to $74.20 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 382. 





FULL-ADDER IC 


The CD4560B full-adder IC per- 
forms sums in the natural BCD 
(NBCD) format. The device accepts 
two 4-bit BCD input values, plus a 
carry-in value, and produces a 4-bit 
sum output and a carry-out bit. Out- 
put values are valid only when the 
sum of the inputs is 19 or less. 
Although invalid outputs result 
when sums are greater than 19, 
they are consistent and reproduci- 
ble. It meets JEDEC Standard 13B 
and comes in three packaging 
styles, as well as in chip form, for 
use in the military temperature 
range. In addition, it’s available in a 
16-lead plastic DIP for the —40 to 
+85°C range. The CMOS-processed 
IC has a maximum input current of 
1 pA at a supply voltage of 18V over 
the full temperature 
CD4560B in plastic DIP, $3.14 (100). 
RCA, Solid State Div, Box 2900, 
Somerville, NJ 08876. Phone (201) 

685-6104. 
INQUIRE DIRECT 


13-BIT CONVERTER 


The TEA1017 13-bit serial-to-paral- 
lel converter has 18 push-pull out- 
puts, each capable of providing 
80-mA max drive current in both 
directions. Each output has an inte- 
gral clamping diode, suiting the IC 
for directly driving inductive loads. 
You can connect two outputs in par- 


range. | 





allel. An internal heat spreader al- 
lows the IC to safely dissipate as 
much as 1.4W between the ambient 
temperatures of —20 and +80°C. 
Supply-voltage range is 5 to 18V. In 
an 18-lead plastic DIP, it costs $2.02 
(100). 

Signetics Corp, Box 3409, Sunny- 
vale, CA 94088. Phone (408) 991- 
5396. 
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COMPUTATION IC 


Claimed by its manufacturer to be 
the first analog computational IC, 
the AD538 has the transfer function 


Voutr= Vy(Vz2/Vx)"; 


it can thus provide simultaneous 
multiplication and division, powers, 
and roots of analog currents or volt- 
ages. The IC’s 100-pV input offset 
voltage allows division of analog sig- 
nals over a 1000:1 dynamic range. 
The device incorporates log-ratio 
and antilog circuits, a current-to- 
voltage output stage, and a 2V/10V 
reference. The unit subtracts logs to 
perform division and adds logs for 
multiplication. You can use the IC, 
with no external components, to 
perform 1-quadrant multiplication 
and division. A few external compo- 
nents allow the device to provide 
2-quadrant products and quotients. 
Operating from +4 to +18V sup- 
plies, the AD538 consumes 250 mW 
max. Enclosed in an 18-pin ceramic 
DIP, the unit is available for —25 to 
+85°C and —55 to +125°C ranges. 
$17.50 (100). 

Analog Devices Inc, Literature 
Ctr, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 985-5565. 

Circle No 385 
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CODEC/FILTER 
The PEB 2060 is a PCM codec and 
transmit/receive filter that con- 
forms to CCITT and AT&T interna- 
tional standards. Thanks to its digit- 
al filtering, you can use software to 
perform impedance matching, 
trans-hybrid balancing, gain con- 
trol, and frequency-response cor- 
rections. Other features include 
A/D and D/A conversion, PCM cod- 
ing/decoding according to the A law 
and w law; A/D loop-back testing; 
and programmable interface to pe- 
ripherals. The device operates from 
+5V. It accommodates 3-party tele- 
conferencing and requires no exter- 
nal components, trimming, or ad- 
justments. In a 22-pin DIP, $14 
(10,000). 

Siemens Components Inc, 186 
Wood Ave §S, Iselin, NJ 08880. 
Phone (201) 321-4520. 

Circle No 386 





VIDEO IC 


The Am8158 is a programmable vid- 
eo-timing controller for high-resolu- 
tion bit-mapped graphics systems of 
1kx1k pixels or more. The IC sup- 
ports a 125M-dots/sec clock rate and 
has nine programmable registers 
that contain the timing parameters 
for generating control signals. It 
generates the necessary synchroni- 
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= 
p “I want to find out 


Ts 


“With all the sophis- 
ticated electronics were 
putting up In space, we 
arent going to gamble 
ona power supply” 


Boeing Electronics Company 
Reliability By Design 
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more about Boeings 
capabilities: yousentcren on i 


microcircuits to custom power supplies, ceramic boards 
and more. For more information about what we can do for 
you, fill out this coupon and mail to: Boeing Electronics 
Company, P.O. Box 3707, M/S 9A-10, Seattle, WA 98124. 
Or call Karla Stensland at (206) 575-5755. 


[] Custom-design power supplies 
[] Ceramic circuit boards 
_] Hybrid microcircuits 


_] Other 

Name 

Firm Position 
Address 

City__ ss tC—“‘;C‘C;SCSCCCC:CSéttatte ZIV 
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We make over a thousand kinds of inductors. 
So when people call, we answer. 1-213-537-5200. 


JW Miller 


Natsu msxe) ©)(-m (00k @elam (el aler 


19070 Reyes Ave., P.O. Box 5825, Rancho Dominguez, CA 90224. 
Phone (213) 537-5200, TWX 910-346-6740, FAX (213) 631-4217. 
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ICs & SEMICONDUCTORS 








zation signals for the CRT display 
and other devices—for example, an 
Am8150 display refresh controller 
and an Am8177 video shift register 
—in a graphics system. You can 
program the number of pixels per 
memory access, memory accesses 
per scan line, and scan lines per 
frame, as well as the pulse widths of 
the synchronization signals. In a 
28-pin ceramic DIP, $38.60 (100). 
Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 982-7448. 
Circle No 387 


ANALOG SWITCH 


The CDG5341 2-channel, high-fre- 
quency analog switch specs —70-dB 
off-state isolation at 20 MHz. The IC 
incorporates CMOS logic-control 
and level-shifting circuitry and 
DMOS analog switches. The DMOS 
portion uses a T configuration, a 
switch topology that provides high 












= Matrix, 2 out of 7 


contact 


Gra. 
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(8), or SP/common bus circuitry 
m 3,000,000 operations per button 
For FREE literature, with specifications and prices, 


TL 
hi 561 Hillgrove Ave., LaGrange, IL 60525 


Phone (312) 354-1040 * TWX 910-683-1850 





isolation. For example, at 100 MHz, 
isolation drops only from —70 to 
—55 dB. In the T connection, two 
series-connected switches provide 
the analog signal path; a third 
switch is connected between the 
first two switches and ground. The 
IC’s logic drives the third switch out 
of phase with the other two, such 
that in the off-state mode, a low- 
impedance path to ground shunts 
any undesired signal away from the 
load. The logic circuitry accepts in- 
puts from 5V CMOS logic and trans- 
forms the inputs to the voltage lev- 
els necessary to control analog 


MC-610 


sequence. 


software. 





Tomorrow’s Multiplexer 


$1495.00 QTY 1 


THE SMART RS-232 SWITCH: 
THAT DOES IT ALL 


Any port to any port 

Many ports to one port 

One port to many ports 

Port configuration retained 
even after power off power on 


e Uses standard off the shelf 


signals as great as 20V p-p. Housed 
in a 14-pin plastic DIP, the 
CDG5341 operates from +15V sup- 
plies and switches in less than 150 
nsec. $3.76 (100). 

Topaz Semiconductor, 1971 Cap- 
itol Ave, San Jose, CA 95182. Phone 
(408) 942-9100. 
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DIAGNOSTIC PROMs 


The Am27S865A/75A/85A diagnostic 
PROMs offer 40% performance im- 
provement over competitive de- 
vices, according to the manufactur- 
er. System cycle times are 33, 37, 
and 39 nsec, respectively, and the 
PROMs’ on-chip serial shadow reg- 
isters provide the capability to de- 
tect and locate hardware-related 
system problems. The Am27S65A 
(1kx4), Am27S75A (2kx4), and 
Am27S85A (4kx4) all incorporate 
two 4-bit registers. You can use one, 
the shadow register, to control and 






Today 





PHONE LINE 
EFFICIENCY 






PC networking 
Resource sharing 

RS-232 data collection 

Error deletion and correction 

3 Character address to connect 
to any one of over 500 ports. 

e Six RS 232 ports, any or all can 
be active simultaneously. 
















MC-600 
$866.00 QTY 1 












Nee, 


1-800-252-ALGO 
9198-C Red Branch Rd. 
Columbia, Md. 21045 
TX 333405 Algo, Col. 
In Md.: 301-730-7442 
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observe the output data register for 
testing purposes. This diagnostic 
feature facilitates troubleshooting 
during board design, prototype de- 
velopment, and field repairs. In 
24-pin ceramic ODIPs, _ the 
Am27S65A/75A/85A cost $18.50, 
$29, and $46 (100), respectively. 
The devices are also available in 
plastic DIPs and LCCs. 

Advanced Micro Devices Inc, 
Box 3458, Sunnyvale, CA 94088. 
Phone (408) 982-7445. 
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D/A CONVERTER 


The Bt450 monolithic triple 4-bit 
D/A converter operates at speeds as 
high as 70 MHz. The device inte- 
grates three 4-bit video DACs, a 
16X12-bit dual-port color-look-up 
table, a 3X 12-bit dual-port overlay 
palette, and a microprocessor inter- 
face. It supports as many as 19 
simultaneous colors from a palette 


TRANSMAGNETICS, INC. 


210 ADAMS BOULEVARD, FARMINGDALE, NEW YORK 11735 
PHONE NO: 516 293-3100 TWX510-224-6420 
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of 4096. In computer-graphics appli- 
cations, the chip generates RS- 
343A-compatible red, green, and 
blue video signals, including syne 
and blank, and drives doubly-termi- 
nated 750 coax directly, without 
requiring external buffering. Dif- 
ferential- and integral-linearity er- 
rors are less than +%e LSB and +% 
LSB, respectively. The device dissi- 
pates 550 mW and operates over 0 
to 70°C. In a 28-pin hermetic ceram- 
ic DIP, $26 (1000). 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 452-7580. 
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STATIC RAM 


The 84H16C 16kx4-bit static RAM 
is now available in a military version 
(L suffix), which uses 6-transistor- 
cell CMOS technology. The high- 
speed RAM module, consisting of 
four 16kx1-bit RAMs, contains a 





decoupling capacitor and is housed 
in a 22-pin ceramic DIP. No clocks 
are required. The chip has CE pow- 
er-down and data-retention func- 
tions: Data-retention current draw 
is 150 wA; standby current draw is 
400 pA. The MIL-STD-883- 


screened module requires one 5V 


supply and comes in a 55- or 70-nsec 
version; prices are $195 and $150 
(1000), respectively. Delivery, 12 to 
14 weeks ARO. 

Electronic Designs Inc, 35 South 
St, Hopkinton, MA 01748. Phone 
(617) 485-9077. TLX 948004. 
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.. With Renco 
Common Mode Chokes 


By far the lowest cost way to 
meet UL, FCC, CSA, and VDE 
standards for safety and | 
suppression of feedback EMI, is 
to place Renco Series RL 1328/ 
1329 or RL 1361 common mode 
chokes across the inputs of © 
electrical equipment or circuits. 

We offer 368 standard values, 
with currents to 35 Amps, 
inductances to 150 mH, and 
2,500 and 5,000 volts 
dielectric isolation. 
Windings are 
balanced to within 
1.0%. MIL spec 
and encapsulation 
available. 
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Our common mode chokes are 
extremely compact (as small 
as 0.622”H, 0.650” W, 
0.780”L), and mount easily on 
pc boards. Prices from $2.13 to 
$3.46 (1,000). 

We design and manufacture 
in the USA and ship world-wide. 
For our 46-page catalog of 
coils & transformers, call or write 
Marvin Scheck, 60 Jefryn Blvd. 

East, Deer Park, NY 11729. 
916-586-5566. 
For engineering 
advice or samples 


RENCO ELECTRONICS, INC. =P 


30 years of excellence in coil winding 


SINCE 1955 
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Make plans now to attend. What you learn and 
observe during this premier three-day event will 
enhance your future success in achieving high qual- 
ity products, cost-effective production yield, and 
solutions to your production problems. 


See, compare, and evaluate the most complete 
range of electronics packaging, production and test 
equipment and materials available—demonstrated 
by over 400 leading companies. 


Observe practical applications of the latest advances 
in quality control and surface mount technology 

on PC Boardwalk and InSurf, a fully operational 
manufacturing line that demonstrates step-by-step 
techniques for the production of multilayer circuit 
boards—a NEPCON exclusive! 


The Conference Program will focus on the key issues 
and new findings that will prepare you to meet today’s 
manufacturing challenge of quality, productivity, and 
technology. Industry leaders will share their research, 
case histories, and professional expertise. 


Complete form and return to: 


Cahners Exposition Group 
Cahners Plaza, PO. Box 5060 
1350 East Touhy Avenue 


June 10-12, 1986 Des Plaines, IL 60017-5060 


S¥-WES(0 (sm mb 4 olossy] (ela MOr=val (cle fee ce eaee 


Boston, Massachusetts 


© Reed Holdings, Inc. 1986 








© Please register me for exhibits only. Free admission with this form. 
Save $10.00. 
© Please send more information and registration materials for the 
Conference Program. 
[J Please send an official housing request form. 
_ () My company is interested in exhibiting at future events. 


Advance Registration Form 


(Exhibition Only) 


NEPCON East ’86 







Mailing Deadline: May 16, 1986. After May 16, 1986, do not mail. Bring 


completed form to show for entry to the exhibits only. : = 
JOB FUNCTION (Check one category only) 
























































A (J—Circuit/System Packaging H [J—Semiconductor/Hybrid 
PLEASE PRINT IN BLACK INK B (—Circuit/System Design Micro Test 

C (—Production/Manufacturing | (J—Purchasing 
First Name Last Name D O—QC/QA Reliability Test J O-—Corporate Management 

( ) E [—Production/Assembly Test K (J—Sales 

Title Phone F (—Environmental/Final Test L (J—Research/Development 
i es, lee Les eee es | ee) oe ee ee ee ee ee ee ee | | G L—Printed Circuit Test M ()—Other 
Company 
bf fof} 4 pp dd PRODUCT INTEREST (Check all categories that apply) 
Address M/S | am interested in these product categories: 
oe re ee ee ee ee ee ee ee ee ee ee oe ee f tet 01 LJ—PC Design 04 LJ—Circuit Packaging 
City State 02 LJI—PC Board Fabrication 05 LJ—Inspection & Test 
Lt iad hd het I Le ed || 08 Bi=Circult Assembly 
Telex Zip F 
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NEW PRODUCIS: COMPUTER-SYSTEM SUBASSEMBLIES 








1553B-VME INTERFACE 


The BUS-65502 provides an inter- 
face between a 1553B serial multi- 
plexed bus and a parallel VME Bus. 
It contains an intelligent bus con- 
troller, remote termina] unit, and 
bus monitor for the 15538B bus. It 
appears to the VME Bus as a pro- 
grammed I/O device. The 6.8 x9.2- 
in. Eurocard-based interface per- 
forms such functions as address 
recognition, validation of Manches- 
ter coding, bit counting, and mode- 
code response. It supports all mes- 
sage formats, implements 12 mode 
codes, and provides a dynamic 





Going to MOSFETs? 


( 


ISO-GATE%, IONICS 


@ Opto-lsolated Input 

@ Photovoltaic Pure DC Out 
@ No Power Supply Needed 
@ Self-Generated Gate-Drive 
@ Self-Limited Gate Drive 


® Risking Design Failure 
® Costly Replacements 

® Gate-Crashing Spikes 

® Reckless Driving 


wrap-around capability. As a bus 
controller, it can store and process a 
maximum of 62 messages, each con- 
taining 64 words max, without sub- 
system intervention. As an RTU, it 
can store, respond to, and transmit 
a maximum of 119 messages. The 
software-programmable device can 
implement four types of subsystem 
interrupts. It requires +12 and 5V. 
$6695. Delivery, stock to eight 
weeks ARO. 

ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. Phone 
(516) 567-5600. TWX 510-228-7324. 
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HIGH-TEMP MEMORY 


The Model 128 memory array fea- 
tures ferrite cores that retain their 
square-loop characteristics to tem- 
peratures in excess of 200°C. This 
model stores 64 8-bit words; other 
versions are available with capaci- 
ties to hundreds of kilobits. The 





memory array comes in a DIP, an 
SMD, or a hybrid package and is 
available with radiation hardening. 
$250 (100). 

Controlex Corp, 16005 Sherman 
Way, Van Nuys, CA 91406. Phone 
(818) 780-8877. 
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Custom Designed MOS 
You Can Build With. 





The TLSI Advantage 


Technology and experience that deliver results 


© Needless Mosfet 


@ Single or Dual Floating Outputs 
@ The Safest Driver on the Road 


DIONIC:S 65 Rushmore Street, Westbury, NY 11590 
D.) (516) 997-7474 © Outside N.Y. 1-(800) DIONICS 


[| Please 


Send 
Literature 


Slaughter 


Name 

Company 

Address 
Please 
Telephone 


Telephone No. ( +) EDN4386 
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Technology — Combining Analog & Digital functions on the same chip. 
Processes available are CMOS, NMOS, PMOS. 


Latest equipment — CAE, CAD, CAT allows for the responsiveness, 
accuracy, and cost effectiveness demanded by today’s electronics 
industry. 


Systems Experience — provides assistance in partitioning and offers 
design alternatives in full-custom, cell-library, and gate arrays. 


Integration — includes telecommunication 
automotive, appliance, consumer, 
industrial, and military products. 
TLSI, Inc. 790 Park Ave. 
Huntington, NY 11743 
(516) 549-6300 A Subsidiary of Telephonics Corporation 
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P&B’s T90 relay available for 
immediate delivery from stock!!! 


Now you can design low cost 
power switching into your products 
with Potter & Brumfield’s T90 relay. 


Its small size and low coil power 
requirement (less than 1W) make 
the T90 the ideal printed circuit 
board mounted interface between 
your solid state devices and power 
loads. 


The T90 is available as an open- 
style relay, with an optional, 
snap-on dust cover or sealed to 
withstand immersion cleaning. 


The T90 series offers the combina- 
tion of features you’ve demanded 
for new generations of appliances, 
load management controls, busi- 
ness machines, HVAC equipment 
and similar applications. 





Our totally automated production 
under tight process control assures 
you of consistent, high quality 
relays, minimizing your needs for 
incoming inspection. 

CIRCLE NO 130 


For more details on the T90, call 
our toll free number for the name 
of your authorized Potter & 
Brumfield distributor or your local 
PsB sales representative: 
800/255-2550. 


Potter & Brumfield, 

A Siemens Company, 

200 South Richland Creek Drive, 
Princeton, Indiana 47671-0001. 


Regional Sales: Oak Brook, IL, 312/887-0811; 
Braintree, MA, 617/848-6550; 

San Juan Capistrano, CA, 714/493-4503; 
Princeton, IN, 812/386-2130. 
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DRAFTSMAN-EE™ boasts all the fea- 
tures you would expect in $4000 CAD soft- 
ware, plus advanced features like UNLIMIT- 
ED ZOOM, nested macros and flexible 
BIND which can move, copy or rotate any 
screen region as a single element. And 
DRAFTSMAN-EE™ can easily save a screen 
region and merge it into a different drawing. 

With power to spare, DRAFTSMAN-EE™ 
can handle even the most complex draw- 
ings. 

DRAFTSMAN-EE™ gets exceptional 
performance from your personal computer 
without special hardware. It's fast! It 
imposes virtually no limits on drawing size 
or complexity. With its built-in virtual 
paging, drawings can contain over 32,000 
data elements. 


DRAFTSMAN-EE™ lets you access and 
use your data any way you want. Without 


sacrificing speed, DRAFTSMAN-EE™ writes 
your data in a well-documented ASCII 
format which you can read with your own 
programs or even edit with a text editor. 





All the features 
you would expect 
@ in a $4000 personal 
| RON Ee ele= 
package and 
more, ata 
team toyame)i 
the cost. 


Introducing DRAFTSMAN-EE.™ A. professional 
schematic graphics editor for only $749 


We're committed to supplying a full line 
of quality engineering tools for use with 
DRAFTSMAN-EE™ The first of these, 
DC/AUTOROUTER™ and DC/NETLIST™ 
are now available. 

DC/AUTOROUTER™ has sophisticated 
features like hugging and break-point re- 
Starting. It fully supports large, multi-layer 
boards with high component densities. 





DRAFTSMAN-EE™ along with DC/NET- 
LIST™ and DC/AUTOROUTER™ gives you 
an end-to-end solution for PCB design. 


Finally, a quality EE schematic graphics 
editor optimized for keyboard users. 
DRAFTSMAN-EE™ does not require a 
mouse. 


For a limited time only, DRAFTSMAN- 
EE™ DC/NETLIST’ and DC/AUTOROU- 
TER™ come with a FREE 12-month update 


policy. 
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@{ COMPUTATION 


Design Computation, Inc. 

Ten Frederick Avenue 

Neptune, NJ 07753 

Call today for more info: (201) 922-4111 
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MP21Z2AT 


MODEM MODULE 


In addition to Bell 108 and 212A 
standards, the MP212AT modem 
module meets CCITT V.22A, 
V.22B, and V.21 standards. It re- 
sponds to Hayes-compatible com- 
mands and works with modem soft- 
ware such as Crosstalk and PC Talk. 
The modem monitors call-progress 
tones and can switch between data 
and voice communications without 
disconnecting. An onboard equaliz- 
er compensates for poor telephone- 
line quality; it can operate automati- 
cally or under manual control. The 


12-in.* board uses 1.5W and commu- 
nicates with a host computer via an 


RS-232C-type interface that uses 
TTL signal levels. $110 (OEM qty). 
Micro Power Systems Inc, Tele- 
communications Div, 3100 Alfred 
St, Santa Clara, CA 95054. Phone 

(408) 727-5350. 
Circle No 433 





I/O CONTROLLER 


The Protocol 1000 processes as 
many as 16 channels of full- or half- 
duplex serial data communications 
at 64k bytes/sec. The device fea- 
tures two processors, 512k bytes of 
triple-ported memory, and software 
from Brice Systems Inc (Great 
Falls, VA). The device provides as 
many as 16 channels of full- or half- 
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duplex communications including a 
variety of standard and custom pro- 
tocols, with support for X.25, 
Bisyne, 3270, 2780, and 3780. An 
MC68010 pP handles protocols, 
commands, and buffer management; 
a 5-MIPS microcontroller acts as 
both an intelligent DMA and a serial 
bit-stream controller. $2750. 
Interphase Corp, 2925 Merrell 
Rd, Dallas, TX 75229. Phone (214) 
350-9000. TLX 732561. 
Circle No 434 


MEMORY BOARDS 


The Tripleplay Series multifunction 
memory boards add as much as 3M 
bytes of RAM to the IBM PC/AT. 
Each model comes with one serial 
port and one parallel printer port. 
The 2M- and 3M-byte models come 
with a memory-expansion adapter 
and an optional piggyback board 
that accommodates as much as 1.5M 
bytes of additional RAM. Four mod- 





els with varying amounts of memo- 
ry are available: 128k bytes, $295; 
512k bytes, $395; 2M bytes, $795; 
and 3M bytes, $995. 

Data Technology Corp, 2775 
Northwestern Parkway, Santa 
Clara, CA 95051. Phone (408) 496- 
0484. TWX 910-388-2044. 
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MULTIFUNCTION BOARD 


Megafunction is an add-on board 
that combines standard multifunc- 
tion features with a 1.25M-byte 
RAM disk for IBM PCs and compat- 
ible computers. In addition to the 
RAM disk, the device offers a paral- 






For further information 
and address of your local sales 
representative please contact: 
Standard Telephone and Radio AG 
Components Division 

8027 Zurich/Switzerland 





Tel. 01 20142 55, Telex 815 385 
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lel printer port, a serial port, and a 
clock/calendar. An auxiliary power 
supply makes the RAM disk nonvol- 
atile even after the computer is shut 
off. The board can boot Lotus 1-2-8 
in 2 sec, and it can save a file in 3 
sec. In addition, routines in onboard 
ROM let you boot your system from 
the RAM disk. $895. 

Tecmar Inc, 6225 Cochran Rd, 
Solon, OH 44139. Phone (216) 349- 
0600. TLX 466692. 

Circle No 436 


SERVO CONTROLLER 

The EPX-01 single-width iSBX- 
compatible board provides the hard- 
ware necessary to add one axis of 
motion control to a standard Multi- 
bus board. This device accepts ei- 
ther incremental or 16-bit-differen- 
tial absolute feedback. It provides a 
12-bit D/A-converter/power-amp 
combination that can drive a variety 
of devices in either current or volt- 





age mode. You can use several of 
these controllers in combination 
with a single-board computer. $299. 
Inovec, 115 Wallis St, Eugene, 

OR 97402. Phone (503) 485-7127. 
Circle No 437 


PC/XT-COMPATIBLE SBC 


Fully compatible with the IBM 
PC/XT, the Quark/PC single-board 
computer mounts on a 5.25-in. flop- 


py-disk drive. The board includes 
256k bytes of dynamic RAM, a 4.77- 
MHz 8088 CPU, two serial ports, a 
parallel-printer port, a floppy-disk 
controller, a color-graphics CRT 
controller (which can also be used 
with a composite-input monochrome 
monitor), and a BIOS that boots 
MS-DOS version 38.0. Options in- 
clude the PC/XT disk controller, a 
real-time clock, a bus-expansion 
module, a bus-expansion board, an 
additional 256k bytes of dynamic 
RAM, an 8087 math coprocessor, 
and the use of a 9.5-MHz 8088. $495. 
Megatel Computer Technolog- 
ies, 150 Turbine Dr, Weston, Ontar- 
io, Canada M9L 282. Phone (416) 

745-7214. TLX 06527453. 
Circle No 438 


1/0 BOARD 


The ZT 8845 I/O board provides 48 
bidirectional lines for the interfac- 
ing of instruments, peripherals, and 





CAE for 
Analog Circuit Designers 


p AC Circui 
than your 536, 9816, 992 


300, 217 


PLUS: * OUTPUT WAVEFORM for any INPUT 
* OPTIMIZATION * IMPROVED ALGORITHMS 
* 98 NODES * COMPATIBLE with HP DATA FILES 


* TIME DOMAIN 

* GROUP DELAY 

* RELATIVE PHASE 

* NEGATIVE COMPONENTS 





* COMPONENT SENSITIVITY 


* INTEGRATED with FFT and 

MEASUREMENTS with HPIB 
*6 YEAR TRACK RECORD 
¢ 30 DAY TRIAL 


ALSO: FFT WAVEFORM ANALYSIS 








Ow 
on 4.0 


YOU 


° 4 TIMES FASTER than HP 
¢ INTEGRATED into ONE FILE 


THREE INTEGRATED MODULES: 





AC-CAP 
AC Circuit Analysis with OPTIMIZATION $750.00 


S-WAVE 
FFT Waveform Analysis for Time Domain $750.00 


PLOTFT 
Time Domain Data Acquisition $750.00 





Double all prices for 9020 Computer version. 


- DEMO DISK AVAILABLE 
COMTRAN INTEGRATED SOFTWARE 


nsen_ transformers | 


ORPOR 


aLOVACtom =1U]sey-101 Boulevard + North Hollywood, OF ii felgalt- mcm noleh| 
Contact Deane Jensen (213) 876-0059 * Closed Fridays 
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KNOW? 


You can obtain 
EDN designer’s guides to 
semicustom integrated 


circuits, CMOS ICs, and 


innovative linear circuits. 


EDIN 
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other digital devices to the STD 
Bus. You can designate four of the 
lines as event-sensing inputs that 
use interrupts to signal to the STD 
Bus system when an event occurs. 
The four interrupt lines can form an 
interrupt vector that is compatible 
with 8088, 80188, 8085, and Z80 
wPs. The I/O channels sink 28 mA. 
$350. Delivery, four to six weeks 
ARO. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. TLX 4992316. 
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ANALOG INPUT CARD 


Model 860 is an STD Bus card that 
provides 12-bit resolution for 16 sin- 
gle-ended-input or eight differen- 
tial-input channels. You can double 
the number of channels in both in- 
stances. The card includes an S/H 
amplifier, a programmable-gain am- 
plifier with user-configurable gain 
from 1 to 1000, a 25-wsec A/D con- 
verter, and an isolated de/de con- 
verter that operates from the STD 
Bus 5V supply. The 860’s maximum 
throughput rate is 25k samples/sec. 
You can select by jumper either a 
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Designer Evelets 


E velet parts have captured 
designers’ fancies. And not just 
in fancy designs. Precision com- 
ponents, supplied in large 
quantities at lower delivered 
cost, are finding their way into 
more and more applications. 

Advances in technology have 
made eyelet parts the cost- 
effective answer to many com- 
ponent needs. And nobody has 
put these advances to better 
use than Utitec. We can 
produce small and miniature 
eyelet parts in a wide variety of 
alloys with practically any close 
tolerance fabrication required. 
And we further lower your costs 
with our complete automated 
assembly service. 

Find out how eyelet technol- 
ogy from Utitec can help you 
find an economical answer to 
your design problem. Send for 
the Utitec design brochure and 
keep pace with today’s expand- 
ing miniature eyelet technology. 


Telephone: 203/575-0090 
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UTITEC, inc. 


1058 Wolcott Street, Waterbury, CT 06705 
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~ PHOTOVOLTAIC 


// from Clairex 
with tight specifications and 100% tested...twice 


Clairex silicon PN planar photodiodes offer high linearity, 
low dark current and fast response. Tight specifications 
are maintained on all significant parameters. 


Try Clairex photodiodes. Call (914) 664-6602 or write Clairex” 
960 South Third Avenue, Mount Vernon, New York 10550. 


CLAIREX ELECTRONICS 


A Division of Clairex Corporation 
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standard BITBUS interface for 
MS-DOS, 1RMX 86 and RSX 11 
e A wide choice of languages, 
including ASM 44, “C” compiler, 
and DCBASIC, all supported with 
interactive development utilities 


Reliability. Expandability. Reduced 
Installation Costs. These are the 
concepts of the Open System 
Revolution, and Datem leads the 
way with the most comprehensive 
line of BITBUS based hardware and 
software products anywhere! e A complete line of intelligent 
Our innovative products control modules, which include 
include: gateways, operator interfaces, 
e An operating system independent general purpose analog and 
network manager providing a digital I/O, and HOST adaptors. 


MIDATEM ii: 


Datem Ltd., 148 Colonnade Road, Nepean, Ontario, Canada, K2E 7R4 
Telephone: (613) 225-5919 Telex: 053-3864 


MS-DOS is a registered trademark of Microsoft Corp. BITBUS and iRMX 86 are registered trademarks of Intel Corp. 


RSX 11 is a registered trademark of Digital Equipment Corp. 
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memory-mapped or an I/O-port in- 
terface to the STD Bus system. The 
card is compatible with all STD Bus 
wPs. You can also control it with 
commands in the high-level lan- 
guages resident on the vendor’s 
CPU cards. $565. 

Octagon Systems Corp, 6501 W 
9ist Ave, Westminster, CO 80030. 
Phone (308) 426-8540. 
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VME BUS SBC 


The PT-VME102 single-board com- 
puter contains connectors into 
which you can plug one of various 
I/O Paks (I/O modules). On the 
board, a 68010 wP has access to 512k 
or 2M bytes of RAM and as many as 
256k bytes of EPROM for program 
memory. The board also contains 
two RS-232C I/O channels, front- 
panel status LEDs, a system con- 
troller with a 4-level bus arbiter, 
seven levels of interrupts, and a 
clock/calender with battery backup. 
I/O Paks are available for the follow- 
ing ports: dual, quad, or hex RS- 
232C; dual or quad RS-422 with 
DMA capability; SCSI; and parallel 
I/O. In addition, the manufacturer 
offers an I/O Pak that interfaces 
with the 68881 floating-point pro- 
cessor. The board runs the P-DOS 
real-time operating system. The 
company’s PT-SYS102 real-time de- 
velopment system provides a stand- 
alone development environment. 
PT-VME102 with 512k-byte RAM, 
$2195; PT-SYS102, $7950. 
Performance Technologies Inc, 
300 Main St, East Rochester, NY 
14445. Phone (716) 586-6727. 
Circle No 441 
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DAC -8408 


DATA BUS 


PM-7524 
PM-7528 
PM-7533 
PM-7541 
PM-7545 
PM-7645 
DAC-8012 
DAC-8408 
DAC-8212 


PMI’s CMOS DAC FAMILY 










Latched 8-bit 

Dual Latched 8-bit 
10-bit Multiplying 
12-bit Multiplying 
Latched 12-bit 
Latched 12-bit 
12-bit Memory 
Quad 8-bit Memory 
Dual Latched 12-bit 


FRANCE: 01-42 03 96 33, GERMANY: 0711-22 93 0, NETHERLANDS: 070 87 54 04, SWITZERLAND: 042-33 33 33, 
UNITED KINGDOM: 01-572 65 31, HONG KONG: 5-702171, JAPAN: (03) 234-1411, AUSTRALIA: (02) 570-8122, 


AUSTRIA: 0222-43 26 39, DENMARK: 02-98 63 33, FINLAND: 90-75 06 00, GREECE: 01-821 58 25, ISRAEL: 03-49 44 50, 


ITALY: 02-569 57 46, NORWAY: 02-83 02 20, PORTUGAL: 19-68 60 72, SOUTH AFRICA: 52 86 61 OR 011-839 18 24, 
SPAIN: 01-405 42 13, SWEDEN: 08-768 05 60, TURKEY: 041-30 15 10, YUGOSLAVIA: 041-42 37 46, 


EASTERN EUROPE: 0222-24 71 37. 
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PMI's new DAC-8408, 
quad 8-bit D/A converter, 
tests system integrity 
using internal readback 
memory. Saving space 
and minimizing bus 
transactions, it simplifies 
data verification and 
system self-diagnostics. 










DAC-8212, PMI’s new dual 
12-bit latched D/A 
converter, provides 12-bit 
accuracy in ATE, process 
control, and voltage set- 
point applications. 








For more information 
and PMI’s free 1986 data 
book, circle the inquiry 
number below. 


Precision Monolithics Inc. 
A Bourns Company 

1500 Space Park Drive 
Santa Clara, CA 
95054-3499 

(408) 727-9222 


1-800-843-1515 
or, in California 


1-800-826-9664 


The precision solution. 














Networking... 


see your Wa 





You're not alone. It’s easy to get confused 
by the enormous spectrum of networking 
requirements, products and technologies 
that blur the way. 


Let Augat bring your picture into focus. 


Augat is one of the world’s most respected 
names in electronic interconnection tech- 
nology. We possess a unique capability for 
network solutions, because of unequaled pro- 
duct breadth coupled with vast experience in 
the OEM and CATV marketplaces. 


Augat offers an unusual combination; the 
resources of a large ($250,000,000.00), vigor- 
ous growth company plus a willingness and 
ability to go beyond merely selling products. 


clear 





UGA | 


OPtioa L RECEIVE R 


888.Mas.n, 


6 
TRANG AS.. 
Sarre 
1 Meh s 8 


Our commitment to total solutions comes 
from years of experience in the CATV market, 
where total support is an integral service. 


Let us help you enjoy a better view. Call 
or write “NETWORKING”, Augat/Broadband 
Communications Group, 710 Narragansett 
Park Drive, Pawtucket, Rhode Island 02864, 
(401) 724-4400. 


Broadband Network Electronics ¢ Coaxial 
Connectors ¢ Fiberoptics ¢ Test Equipment 
¢ System Compatible Cross Connections 


® 





Quality and Innovation 
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1000-KVA UPS 

This uninterruptible power system 
(UPS) consists of a single-module, 
hybrid UPS with rectifier/charger, 
inverter, and rotary filter connected 
in series. The on-line inverter de- 
sign, with natural commutation, 
provides the lowest parts count pos- 
sible for maximum reliability, ac- 
cording to the manufacturer. The 
positive isolation provided by a sep- 
arate generator blocks high-fre- 
quency noise and lighting surges 
that may occur on the utility. The 
systems are also available in 500-, 
625-, and 750-kVA modules; they 


each can be paralleled for higher 
capacity or for redundant operation. 
$105,000. Delivery, 22 weeks ARO. 
Power Systems & Controls, 3206 
Lanvale Ave, Richmond, VA 23230. 
Phone (804) 355-2803. TLX 

62776247. 
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EEPROM PROGRAMMER 


The Eprom-1 programs all standard 
NMOS and CMOS’ EPROMs/ 
EEPROMs with capacities as high 
as 512k bytes. You can also upgrade 
it to support the latest EPROM de- 


vices. The programmer ensures 
that parts are correctly socketed 
and programmed, and it uses manu- 
facturer-approved programming al- 
gorithms. No additional hardware is 
required. The standard buffer RAM 
is 64k x8 bits; 128k x8 bits is option- 
al. A no-charge software package, 
which provides editing capabilities 
for IBM PC users, is included. $495. 
International Microsystems 
Inc, 11554 C Ave, Auburn, CA 
95603. Phone (800) 325-6028; in CA, 

(916) 885-7262. 
Circle No 393 


16-BIT DIGITIZERS 


Models 650 and 652 are plug-ins for 
the company’s Data 6000. Model 650 
provides 16-bit resolution at sample 
rates to 1 MHz and has the ability to 
measure as many as four channels 
simultaneously at reduced sampling 
rates. Model 652 is limited to 2- 
input channels. You can select from 
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SOFTAID’s I.C.E. BOX. FINALLY A TRUE FULL SPEED 
EMULATOR FOR THE DILIGENT ENGINEER! 


The |.C.E. BOX is a small, compact unit. Easy to move and 
use. Though it costs about the same as other handheld 
emulators, it is the only portable unit that offers true full soeed 
emulation with hardware breakpoints. The |.C.E. BOX has 
65,535 hardware breakpoints that can be set anywhere in 
memory — even in ROM! Optional ICEpack software supports 
full symbolic debugging, and includes ICEbasic — an 
automation package for production test and service. Plug 
.C.E. BOX into your target system, connect a terminal or 
computer, and start debugging your hardware and software 
faster than you ever thought possible! 


e Built-in RAM and ROM tests « Breakpoints can be set in ROM 
or RAM ¢ Breakpoints and emulation run at full target system 
speed ¢ Binary or hex programs can be downloaded over 
RS-232 e Automatically profiles, finding the bottlenecks in your 
code « Built-in Help function « Assembles/disassembles code, 
traces execution, traces while skipping subroutines, compares and 
alters memory, I/O and registers. 


The |.C.E. BOX is available from stock for $600.00 each, for 
the Z80, 8085, and NSC800 processors. Please specifiy which 
|.C.E. BOX you need when ordering. To order contact Softaid, 
Inc., P.O. Box 2412, Columbia, MD 21045 (301) 792-8096. 
Shipping charge is $5.00 per unit. We accept Visa, 
Mastercard, checks and COD. 
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The |.C.E. BOX full function true In-Circuit-Emulation device. 









P.C. CARD GUIDES 


@ Vibration and shock damping! 
@ Nonconductive or conductive plastic! 


No matter what your p.c. card guide requirement, there’s a UNITRACK solution. 
Mounting in cages or chassis is simple... UNITRACK’s wide range of sizes in 
each type have either snap-in buttons or counterbored holes for rivet or bolt 
mounting. 


SLOTTED GUIDES 
UNITRACK’s Series 300 and 
400 p.c. card guides are pre- 
cision molded of stable poly- 

carbonate plastic. Series 
300 mounts on .300 centers 
for dense packaging. Series 
400 mounts on .400 centers. 
Snap-in buttons or counter- 
bored holes for mounting. 


UNITRACK’s VIBRATION 
AND SHOCK DAMPING 
P.C. CARD GUIDES 

The patented, spring fingered design 
holds the p.c. cards firmly... yet in- 
sertion or extraction is smooth and 
easy. The open design of these card 
guides allows free flow of air for cooling 
your p.c. card guides when packaged in 
card cages. Sizes from 212" to 7” long with 
either snap-in buttons or counterbored 
holes for mounting. 


# ESD GUIDES (ELECTROSTATIC DISCHARGE) 
Precision molded of conductive plastic, 
# UNITRACK’s ESD p.c. card guides provide pro- 
f tection against erroneous readings to static sus- 
ceptible micro-electronic devices of equipment. 
Surface resistivity is in the range of 10” -10° ohms/ 
square. Static decay is <0.06 and <0.30. Avail- 
able in all slotted and spring fingered, antivibration p.c. 
card guide sizes. 





UNITRACK 


UNITRACK Div.. Calabro Industries, Inc. 











Goshen Corporate Park, 1372 Enterprise Drive 
P.O. Box 1927 © West Chester, PA 19380 
Telephone (215) 692-0800 © TWX 510-663-0000 


The products shown herein are covered by patents and/or 
pending patent applications of Calabro Industries, Inc. 
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IBM-PC based 


microcomputer 
development tools! 


68 cp 

61 dynz R4, DoLoop 
a doLoo 
BY O848 xch A,RZ 
7 0849 add A, 83 

4B xc 


Fa 
OutP 
1] BASB mov P1,A 


@O52 jb DisB, MotStore 
SS acall Store. no «a4 >@) yes 


R405 PO FF CC O0FO | 6863 | 


(8051 debug/simulator shown) 


Your IBM PC can Assemble, debug 
and program (EPROM) code 

for these popular 
microcomputers: 







registers 
& memory 
change, 
interrupts 
occur, stack 
push & pop. 
Flowgraph 
auto-documents code! 
You set breakpoints & 
register traps, count 
machine cycles, and 
scan source code and 
symbols. Single-key 
commands prompt for 
arguments if needed. 
Have more fun and get 


more done! 
P.O. Box 3000 
San Gregorio, CA 94074 U.S.A. 


(415) 726-3000 © Telex 171135 Attn: Cyber 
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debug demo diskette 
and manual only $39.50 


Cybernetic Micro Systems 
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INSTRUMENTATION & POWER SOURCES 








the six full-scale ranges available 
independently on any channel from 
+500 mV to +20V. The Data 6000 
provides display and analysis of the 
acquired data. It can extract most 
commonly sought scalar-waveform 
parameters, and perform signal av- 
eraging, convolution, correlation, 
spectrum analysis, and other signal- 
processing functions. 4-channel ver- 
sion, $12,800; 2-channel version, 
$9995. Delivery, 60 days ARO. 

Data Precision, Div of Analogic, 
16 Electronics Ave, Danvers, MA 
01923. Phone (617) 246-1600. TLX 
921819. 


Circle No 394 


Z200W SUPPLY 
The Tiger-200 4-output switching 
power supply measures 3.9X8.5x2 
in. Overload and overvoltage pro- 
tection are standard features; re- 
mote voltage sensing, remote shut- 
down, and power-fail detect are 
optional features. The supply is 
available with or without a line fil- 
ter. The device meets UL, CSA, 
and VDE standards. $220 (100). 
Pacific Power Technology Inc, 
8921 Murray Ave, Gilroy, CA 
95020. Phone (408) 848-1816. TLX 
294233. 
Circle No 395 


PULSE GENERATOR 


The Model PG 4000A pulse genera- 
tor operates at pulse repetition 
rates of 10 MHz to 4 GHz. Its rise/ 
fall time is 30 to 50 psec at rates 
higher than 2 GHz, and 70 to 120 
psec at rates lower than 2 GHz. The 
generator has differential outputs 
whose transition times are matched 








to within 10 psec over 2 to 4 GHz 
and to within 20 psec below 2 GHz. 
Output amplitude is 2V max, but a 
higher-power 2.5V option is avail- 
able with a slight degradation in 
rise/fall time. Output-amplitude at- 
tenuation, using microwave attenu- 
ators, is 0 to 20 dB in 1-dB steps. 
You can set each output’s amplitude 
independently (except for the 1-dB 
fine control); a digital display indi- 
cates the output with 10-mV resolu- 
tion. The output-amplitude setting 
is independent of the de output- 
offset setting, which you can adjust 
over a +OV range. By changing the 
sinusoidal-input drive level, you can 
vary the outputs’ rise and fall times. 
$14,500; 2.5V-output option, $4500. 
Colby Instruments Inc, Box 
84379, Los Angeles, CA 90073. 

Phone (218) 450-0261. 
Circle No 396 





SCANNER CARD 


The 7066 relay-switch card provides 
10 independent and isolated chan- 
nels for nonmultiplexed switching. 
Each channel has form A contacts 
but, if necessary, you can reconfig- 
ure them for form B or C contacts 
by relocating jumpers. The contacts 
can handle voltage and current lev- 
els within the limits of 2A max, 
300V max, and 125 VA max. Wire 
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% polypropylene film capacitors 
axial leads-epoxy coated 
high stability-off the shelf 


For more information on these economically priced precision 
capacitors circle reader enquiry number. 





nee CCT 
eve wun wasnt Ot OM rPE THOTT RTTRT PERN Su SU 


Iprveecentnerresr tne I 


donna 





Philips Electronic Components and Materials Division, 
5600 MD Eindhoven, The Netherlands. In the U.S.A. contact: 
Mepco/Electra Inc., 6071 St. Andrews Road, Columbia, ah. 





pHiuips| Electronic 
orolanlelelarciaies 
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CIRCLE NO 142 


INSTRUMENTATION & POWER SOURCES 





terminations allow quick-disconnect 
from the card. The card plugs into 
elther of the company’s scanner 
mainframes: Model 705 (two card 
slots) or Model 706 (10 card slots). 
$295. 

Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Phone (216) 248-0400. TLX 985469. 

Circle No 397 





TINY SCOPE 


The LBO-825 2-channel, 60-MHz os- 
cilloscope has a 3-in. die-cast alumi- 
num frame, weighs 8.5 lbs, and has 
an 8x10-division, 3.5-in. rectangu- 
lar CRT with an internal graticule. 
The dual time base offers calibrat- 
ed-delay and alternate-sweep tim- 
ing modes. Triggering capabilities 
include alternate triggering, video 
Syne separators, variable trigger 
hold-off, and level and preset con- 
trols. The scope’s vertical-input sec- 
tion offers add and subtract modes 
with 1-mV sensitivity. A signal-de- 
lay line is included to allow observa- 
tion of sharp leading edges. $1500. 
Leader Instruments Corp, 380 
Oser Ave, Hauppauge, NY 11788. 
Phone (800) 645-5104; in NY, (516) 
231-6900. 
Circle No 449 


TEST CLIPS 


Each test clip in the SOIC Series 
provides quick access to all the ter- 
minals of a small-outline integrated- 
circuit (SOIC) package. The series 
includes clips with eight, 14, or 16 
contacts for 0.15-in.-wide SOIC 
packages and clips with 16, 18, 20, 
24, or 28 contacts for 0.30-in.-wide 
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SOIC packages. Staggered contacts 
allow you to attach test leads easily, 
and an insulating comb prevents ac- 
cidental shorts to adjacent probes or 
other circuit components. You can 
wire-wrap or attach female connec- 
tors to the industry-standard 0.025- 
in. contact pins. Further, the test 
clips will attach to SOIC packages 
that are mounted 0.025 in. apart at 
the ends. You can specify either 
gold-plated leads or alloy 769 nickel- 
silver leads; body material is acetal 
thermoplastic. Clips for 0.15-in.- 
wide SOIC packages, $6.27 to 
$13.46; clips for 0.30-in.-wide SOIC 
packages, $6.84 to $27.66. 

A P Products Inc, Box 540, Men- 
tor, OH 44060. Phone (800) 321- 
9668; in OH, (216) 354-2101. TWX 
810-425-2250. 

Circle No 450 





LVDT CONDITIONER 


The 3B17 plug-in signal-condition- 
ing module provides an ac excitation 
signal to an LVDT (linear variable 
differential transformer) or RVDT 
(rotary variable differential trans- 
former), conditions the transducer’s 
low-level ac output signal, and pro- 


duces high-level de voltage and cur- 
rent outputs. The module plugs into 
the company’s 8B signal-condition- 
ing subsystem and accepts inputs 
from 4-, 5-, and 6-wire LVDTs and 
RVDTs, and provides outputs of 
+10V, 4 to 20 mA, and 0 to 20 mA. 
The excitation range is 1 to 5V with 
a 20-mA rms-current limit and a 
10-kHz frequency limit. Input, cur- 
rent-output, and excitation circuitry 
are protected against continuous 
overvoltage to 130V rms. The condi- 
tioner specs 0.1% of span typical 
accuracy, +0.005% of span/°C offset 
drift, and +0.01% of span/°C span 
drift. Operating temperature range 
is —25 to +85°C. $225. 

Analog Devices, 70 Shawmut Rd, 
Canton, MA 02021. Phone (617) 461- 
4019. 

Circle No 398 








DC/DC CONVERTERS 


The DD 5WLC Series of pc-board- 
mounted 5W de/de converters 
comes in 2X2x0.4-in. encapsulated 
packages with industry-standard 
pinouts. Input voltages are 5, 12, 
24, 48, and 60V dc. These nine stan- 
dard-output converters include sin- 
gle-output models of 5, 12, 15, and 
24V dec; dual-output models of +5, 
+12, +15V de; and triple-output 
models of 5/+12 and 5/+15V de. 
Specifications common to all units 
include +3% output accuracy, +1% 
line and load regulation, 20-mV p-p 
ripple and noise, and 500V dc I/O 
isolation. Single-output models cost 
$42.11 (100). Delivery of OEM or- 
ders, eight to 10 weeks ARO. 
Brandner Inc, Box 822, Fram- 
ingham, MA 01701. Phone (617) 655- 
8982. TWX 510-100-3630. 
Circle No 399 
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125 MHz BW: 100 MS/s ADCs; 5 GS/s Interleaved Sampling; 128 k Waveform Memory; 
+ 1% Accuracy; Summation and Continuous Averaging; Arithmetic Processing; Fully Programmable. 


SIGNAL AVERAGING. No other digital oscilloscope offers summation aver- 
aging up to 100,000 points/sec with offset dithering to increase the effective 
resolution by several bits; or features continuous averaging with sever- 

al weighting factors for quick and convenient noise reduction on your mea- 
surement signal. 


EVENT PROCESSING. Single events — often corrupted by noise, ringing 
spikes or glitches — can easily be cleaned and smoothed by 3, 5, 7 or 9 
point digital filters. And, making use of the unequaled depth of its memo- 
ries, a unique mean value processing method is included, producing clean, 
high resolution and noise-free records of noisy transients fast! Do you have 
a time or amplitude drift problem? The 9400 keeps track precisely and 
records in its unique «EXTREMA» Mode all extreme positive and negative 
values including glitches and spikes as short as 10 ns. 


ARITHMETIC PROCESSING. The 9400's signal processing software does 
more than any other oscilloscope in its price range. Waveform operations 
such as multiplying and dividing, adding and subtracting, integrating and dif- 
ferentiating, as well as squaring, are easily performed — by simple Lixeyayt 
panel push-button control — on live acquired or stored signals, or combina- 
tions of both. 


% And there is much more to say about this versatile and cost effective 
($ 9900 base*) DSO. Call us now...for details and a demonstration!! 


*USA price list only. 


700 S. Main St., Spring Valley NY 10977, (914) 578-6038; Geneva, Switzer- 
land, (022) 823355; Heidelberg, West Germany, (06221) 49162; Les Ulis, 
France, (1) 6907-3897; Rome, Italy, (06) 320-0646; Botley, Oxford, England, 
(0865) 72 72 75. 

Representatives throughout the world. 
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Top: Summation averaging over 1,000 waveforms, 
expansion and high resolution frequency measurement all 
shown in one display. 

Middle: Extrema Mode shows glitches in digital circuitry, 
logged over 229 acquired waveforms. . 

Below: Digital filtering with a 9-point filter smooths noisy 
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NEW PRODUCIS: 


INTERNATIONAL 


——SEE eee 


CMOS »P 
Pin- and software-compatible with 
the NMOS Z80 pP, the CMOS 
784C00 wP draws less than 15 mA 
typ when active, and only 10 pA in 
power-down mode. These specifica- 
tions apply over the —40 to +85°C 
operating range. The pP is available 
in 2.5-MHz and 4-MHz versions, 
with a 6-MHz version to follow 
shortly. Other family devices avail- 
able as CMOS parts include the Z80- 
PIO, Z80-CTC, and Z80-SIO. The 
M8719, a CMOS clock-generator/di- 
vider, is also available. Z84C00 
CPU, approximately $2.80 (1000). 

SGS-Ates, Via C Olivetti 2, 20041 
Agrate Brianza, Italy. Phone (39) 
65551. TLX 3301381. 

Circle No 400 

SGS-Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. 

Circle No 401 





CRYSTAL OSCILLATORS 


Crystal oscillators in the QCO-2000 
line include TTL-compatible tran- 
sistor oscillators, TTL-compatible 
gated oscillators, and CMOS-com- 
patible versions. All types have a 
standard stability rating of +100 
ppm, which includes variations over 
temperature range, supply voltage, 
and time. Stabilities of +500 ppm 
and +50 ppm are available by spe- 
cial order. Transistor oscillators 
come in standard frequency values 
between 250 kHz and 70 MHz; gated 
oscillators between 4 MHz and 60 
MHz; and CMOS versions between 
62.5 kHz and 20 MHz. The transis- 
tor and gated-oscillator versions op- 
erate from 5V supplies, spec a 20- 
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msec max start-up time, and draw a 
maximum of 40 mA and 25 mA, 
respectively. The CMOS-compatible 
oscillators operate from 3 to 6V sup- 
plies, start up in 1.5 msec max, and 
draw 4 mA max. All devices operate 
over a 0 to 70°C range and are 
housed in hermetically sealed metal 
packages. From £2.18 to £3.38 
(1000). 

STC Components Ltd, Quartz 
Crystal Unit, Edinburgh Way, Har- 
low, Essex CM20 2DE, UK. Phone 
(0279) 26811. TLX 818746. 

Circle No 402 

Stantel Components, 636 Rem- 
ington Rd, Schaumberg, IL 60199. 
Phone (312) 490-7150. 

7 Circle No 403 





DIGITAL MULTIMETERS 
The 7061 and 7062 digital voltme- 


ters both achieve a measurement 


rate of 1500 readings/sec at 4'4-digit 
resolution, dumping as many as 
1000 readings (8000 with an ex- 
panded memory option) into inter- 
nal memory. Operating on the 
IEEE-488 bus, the instruments 
offer a continuous-read rate as high 
as 400 readings/sec; they can initiate 


and transmit a 4%4-digit reading 


within 3 msec of receiving an exter- 
nal hardware or software trigger. 
Response time to out-of-limit alarm 
conditions is <1 msec. An optional 
reed-relay scanner adds sixteen 


2-pole or eight 4-pole input channels 


to the instrument’s standard signal- 


and reference-input channels. You 


can progressively increase the volt- 
meters’ integration time to 2 sec 
and thus obtain measurement reso- 
lutions between 4% and 7% digits. 
At the point of 6%4-digit resolution, 


the voltmeters have a maximum dc- 
input sensitivity of 100 nV. DC and 
ac current are measured with 1-pA 
and 10-yA resolution, respectively, 
on a nominal 2000-mA range. Used 
with a platinum resistance ther- 
mometer, the 7061 allows you to 
measure temperature with a resolu- 
tion of 0.001°C. Other features of 
the 7061 are ratiometric measure- 
ment between any two functions, 
math programs for postprocessing 
of measured data, line-locked inte- 
gration periods, and lids-on digital 
calibration. The 7061, £2495; the 
7062, £2295. 

Solartron-Schlumberger, Victor- 
ia Rd, Farnborough, Hampshire 
GU14 7PW, UK. Phone (02652) 
544433. TLX 858240. 

Circle No 404 

Solartron Instruments, 2 West- 
chester Plaza, Elmsford, NY 10528. 
TLX 145487. Phone (914) 592-9168. 

Circle No 405 





POWER SUPPLY 


The NGPE-40/40 programmable 
power supply provides output volt- 
ages and currents as high as 40V or 
40A with a resolution of 10 mV and 
100 mA, respectively. Maximum 
permissible load power extends to 
15V/40A, 25V/27.5A, and 40V/20A. 
You can set parameters either via 
digital switches on the front panel 
or via the unit’s [IEEE-488 inter- 
face. Actual output conditions are 
displayed separately on analog volt- 
age and current meters. You can 
remotely sense the output with sep- 
arate sense leads; automatic switch- 
over from local to remote sensing 
occurs after the addition of sense 
leads. The maximum voltage com- 
pensation for each lead is 0.5V. Volt- 
age- and current-monitoring out- 
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INTERNATIONAL 


puts are also provided. The unit is 
packaged in a 19-in.-wide housing. 
DM 6500. 

Rohde & Schwarz GmbH & Co 
KG, Mihldorfstr 15, 8000 Munich 
80, West Germany. Phone (089) 
41292625. TLX 523703. 

Circle No 406 

Rohde & Schwarz Inc, 13 Ne- 
vada Dr, Lake Success, NY 11042. 
Phone (516) 488-7300. 

Circle No 407 





FIBER-OPTIC TESTERS 


Both these handheld portable in- 
struments, the 7740 calibrated laser 
transmitter and the 7741 radiome- 
ter, allow field testing of the attenu- 
ation of optical fibers. The 7740 pro- 
duces 1 mW of laser power at a 
wavelength of 840 nm and has a 
long-term power output stability at 
constant temperature of <1%. A 
key-operated safety switch shuts off 
the laser independently of the unit’s 
power supply. You can operate the 
7740 either from a 220V ac line 
supply or from the transmitter’s in- 
ternal rechargeable batteries. The 
7741 radiometer measures received 
optical power in the wavelength 
range of 0.8 to 1.6 wm with a maxi- 
mum resolution on its 200-nW range 
of 100 pW. The meter has five 
ranges between 200 nW and 2 mW, 
with measured optical power dis- 
played on a 3%4-digit LCD. Thermo- 
electric cooling of the photodiode 
detector to —15°C helps achieve a 
dynamic range of >70 dB. A 2V 
full-scale analog output is provided 
for monitoring purposes. The 7741 
requires a 230V ac line supply. The 
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7740 transmitter and the 7741 radi- 
ometer operate over a 10 to 40°C 
temperature range. Both units mea- 
sure 19011060 mm; they weigh 
about 1.3 kg each. The 7740, Fr fr 
37,000; 7741, Fr fr 26,000. 
Enertec-Schlumberger, 5 rue 
Daguerre, 42030 St Etienne Cedex 
2, France. Phone (77) 252264. TLX 
300796. 
Circle No 408 





SWEEP GENERATOR 


The 6310 sweep-frequency genera- 
tor produces outputs in the 2- to 
20-GHz frequency range. The 
Sweep period can vary between 10 
msec and 38 sec. The generator has 
six basic modes of operation: three 
with calibrated, leveled output 
power and three with power-slope 
control. In the leveled modes, the 
output power has an overall accura- 
cy of +0.4 dB; its resolution is 0.01 
dB. The generator’s actual output 
power ranges from +20 to —15 
dBm. The power-sweep mode var- 
les the output power between prese- 
lected power levels in the —5- to 
+20-dBm range. From £18,000. 

Marconi Instruments Ltd, 
Longacres, St Albans, Herts AL4 
OJN, UK. Phone (0727) 59292. TLX 
23350. 

Circle No 409 

Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. Phone 
(201) 984-9050. 

Circle No 410 


SHAFT ENCODERS 


The 35HA family of optical absolute 
shaft encoders includes models with 
14-, 16-, 18-, and 20-bit resolution. 
Internally controlled by a Z8 yP, 
the encoders output angular posi- 
tion, accuracy, address, and check- 


sum data in a serial format. You can 
multiplex several encoders onto one 
serial interface. The encoders have 
an 80x90-mm cylindrical housing 
and require one 5V supply. A con- 
trol and display unit, which can han- 
dle the outputs from as many as 
seven encoders, is also available. 
£1687 to £3375. 

Ferranti Industrial Electronics 
Ltd, Thornybank, Dalkeith, Midlo- 
thian EKH22 2NG, UK. Phone 031- 
663 2821. TLX 72197. 


Circle No 411 





AC-SUPPLY MONITOR 
Suitable for 110/120 and 220/240V ac 
supplies, this line-supply monitor 
measures and records spikes, sags, 
surges, dropouts, blackouts, under- 
voltages, overvoltages, and fre- 
quency deviations. You use a 4-line 
LCD and menu-driven soft keys to 
set up the instrument and to display 
measurements. An integral printer 
provides hard copy of line distur- 
bances in tabular or graphic form, 
and you activate an audible alarm to 
sound on preset line conditions. The 
instrument detects and measures 
positive and negative spikes of 


_ >25V peak amplitude and between 


40 nsec and 333 usec in duration. 
Internal batteries maintain opera- 
tion of the unit during blackouts and 
provide a 30-day backup for the 
unit’s data memory. A real-time 
clock is also included. Operating 
range is —10 to +50°C. Options in- 
clude an RS-282C serial interface 
for remote monitoring. £4700. 

Cole Electronics Ltd, Bruce 
Grove, Wickford, Essex SS11 8BT, 
UK. Phone (08744) 5141. TLX 
99252. 

Circle No 412 
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NEW PRODUCTS: SOFTWARE 
SSS ee 


80386 LIBRARIES 


These IEEE floating-point libraries 
for the 80386, the FPAC (single- 
precision, 32-bit format) and the 
DPAC (double-precision, 64-bit for- 
mat), perform basic operations at 
speeds comparable to an 80287. 
Running on a 16-MHz 80386, the 
FPAC performs as many as 100k 
flops, and the DPAC attains 70k 
flops. The libraries offer trigono- 
metric functions (sine, cosine, tan- 
gent, arctangent), exponentiation 
functions, data-conversion proce- 
dures (ASCII to/from floating point 
and integer to/from floating point), 
and floating-point utility proce- 
dures. They include 80386 native 
(32-bit) assembly source code to 
allow simple customization and in- 
clusion in user applications. The 
FPAC, $950; the DPAC, $1250. 
United States Software Corp, 
9470 NW Innisbrook Pl, Portland, 
OR 97229. Phone (508) 645-5043. 
TLX 4993875. 
Circle No 413 


DISK ORGANIZER 


Disk Tuner is a software package 
for increasing disk efficiency in Unix 
systems. The package uses statis- 
tics on file-use frequency to opti- 
mize free-space placement on the 
disk and thereby minimize head 
movement during file accesses. The 
package contains a separate pro- 
gram for each of the three steps of 
the optimization process. The moni- 
toring program collects i-node 
usage data from each file system in 
a usage database. The analysis pro- 
gram is run periodically to develop 
the file-layout strategy. The refor- 
matting program implements the 
file-layout strategy, which is based 
on an algorithm that re-orders di- 
rectories so that the most frequent- 
ly used file names appear first; it 
then repacks, in a contiguous man- 
ner, the most used files near the 
head of the file system; next it 
moves recently neglected files and 
long-neglected files to the middle 
and outer portions of the file sys- 
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tem, respectively. Written in C, the 
package runs on Unix System V, 
System ITI, Version 7, and Xenix. It 
is distributed on 9-track, 1600-bpi 
magnetic tape. $6000. 

Aim Technology, 4655 Old Iron- 
sides Dr, Suite 390, Santa Clara, 
CA 95054. Phone (408) 727-3711. 
TLX 705404. 

Circle No 414 


PRINTER UTILITY 


Printkey, a memory-resident utility 
for IBM PCs, enhances communica- 
tions between printers and software 
and provides access to advanced 
software-controlled printing fea- 
tures inaccessible from most appli- 
cations software. The user creates 
macro commands, which are tai- 
lored to specific printers and tasks. 
Once you define the macro com- 
mands by equating a printer com- 
mand string with a special character 
(called a macro character), you can 
invoke macro commands from with- 
in other software. The utility trans- 
lates any macro characters it finds 
in a document into corresponding 
printer commands, which are then 
sent to the printer. You can also 
define macro keys on the keyboard, 
which allow you to send particular 
commands to the printer at any 
time. $89.95. 

North West Software Associ- 
ates, 12469 E Olive Ave, Spokane, 
WA 99216. Phone (509) 928-2361. 

Circle No 415 


INTERFACE PACKAGE 


The dDCM810-R interface package 
allows you to connect an iRMX86 
system with a Bitbus that provides 
communication with industrial- 
process-control and data-acquisition 
devices. The software works with 
the company’s dDCM800 interface 
module or Intel’s iSBX344 to pro- 
vide an interface between Intel’s 
86/310 system application code, 
which resides within the iRMX86, 
and a Bitbus operating system. The 
software manages message packets, 


provides message protocol, matches 
a named interface to its peripheral 
device on the Bitbus, and offers 

user-specified flow control. $750. 
Datem Ltd, 148 Colonnade Rd, 
Nepean, Ontario, Canada K2E 7R4. 
Phone (618) 225-5919. TLX 0533864. 
‘ Circle No 416 


IMAGE PROCESSING 
Mirage-128 interactive image-pro- 
cessing software runsonanIBM PC, 
PC/XT, or PC/AT with the compa- 
ny’s IVG-128 real-time video-acqui- 
sition and -display module. Image- 
processing algorithms include such 
functions as image-capture and -dis- 
play management, selection of re- 
gions of interest, image statistics, 
point processing, convolution filter- 
ing, edge detection, geometric 
transforms, linear kernel trans- 
forms, B&W image processing, and 
image compression. A multilevel in- 
teractive menu with on-line help fa- 
cilities guides you through all func- 
tions. Additional features include 
turnkey operation and a linkable 
library; source code and executable 
code are also provided. Single-user 
license, $500. 

Datacube, 4 Dearborn Rd, Pea- 
body, MA 01960. Phone (617) 535- 
6644. TWX 710-347-0125. 
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SERIAL CONTROLLER 


The iRCB 44/20 Bitbus controller 
manages as many as 16 remote 
points. The module is based on the 
company’s Bitbus serial bus archi- 
tecture, which defines the intercon- 
nection of microcontrollers in dis- 
tributed data-acqguisition and 
control systems. Use of VLSI com- 
ponents provides reliability, im- 
proved system throughput, and 
lower cost, according to the compa- 
ny. The controller also features 
onboard preprocessing of analog 
data and the use of one twisted-pair 
wire between the Bitbus I/O con- 
troller and the host processor. It 
contains a 12-MHz 8044 microcon- 
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“Imitation is the 
sincerest flatter 


Charles Colton 1780-1832 
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We are flattered by our competitors’ attempts to achieve 
vendor qualifications by claiming to be a “’Chomerics 
equivalent”. We're flattered, but you should be worried. 
Many electronics manufacturers have found that low-cost 
‘look-alikes’ often result in system EMI field failures. 


For more than 20 years, Chomerics has been the 
leading inventor and supplier of EMI/EMP shielding solu- 
tions for military, aerospace, telecommunications, 
computer, and industrial electronics. Our products meet 
quality and performance specifications unmatched in the 
industry. 


Imitation may be flattery, but there's no substitute for 
the real thing. 


CHOMERICS 


aGRACE company 


THE LEADER IN SHIELDING 
INNOVATION, DESIGN, AND 
TESTING TECHNOLOGY. 


77 Dragon Court, Woburn, MA 01888 
TEL: (617) 935-4850 TWX: 710-393-0173 


Chomerics Europe, Inc. 
Marlow Bucks, SL7 1YA England 
TEL: (06284) 6030 
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troller, 16 input channels, two out- 
put channels, and two 28-pin 
JEDEC memory sites on one 
Eurocard-style pe board. The iDCX 
Distributed Control Executive soft- 
ware contained in the 8044 micro- 
controller on the 44/20 provides 
real-time facilities for Bitbus-based 
products. $644 (100). 

Intel Corp, Literature Dept, 
3065 Bowers Ave, Santa Clara, CA 
95051. Phone (503) 640-7147. 
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TEST PACKAGE 


The Testview set of programs al- 
lows an IBM PC or compatible com- 
puter running under MS-DOS or 
PC-DOS to accept burn-in and test- 
system data either from disk or in 
real time through an RS-282C inter- 
face. The package creates databases 
from the data received, filters the 
data according to your criteria, and 
then summarizes the filtered data- 
bases into a user-defined spread- 
sheet. You can then use the spread- 
sheet to create tables and graphs, to 
which you can add text by using the 
integrated word-processing pack- 
age. To run the package, you'll need 
512k bytes of RAM. $4500. 

RJI Strategic Partnering 
Group, 9809 Whithorn Dr, Hous- 
ton, TX 77095. Phone (713) 859- 
0235. 
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GRAPHICS LIBRARY 


This library of graphics routines 
runs on the company’s PC-100 array 
processor, which plugs into an IBM 
PC, PC/XT, PC/AT, or compatible 
computer. The library includes 2-D 
and 3-D algorithms for translation, 
scaling, rotation, reflections, pro- 
jections, perspective transforma- 
tions, reconstruction, cubic splines, 
and parabolic blending. It’s written 
in assembly language, and you can 
link it with application programs 
written in C or Fortran. The library 
can use the enhanced color-graphics 
mode on the PC/AT and standard 
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color- and monochrome-graphics 
modes on the PC/XT. $495. 
Systolic Systems Inc, 1065 E 
Brokaw Rd, San Jose, CA 95131. 
Phone (408) 286-0421. 
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BASIC MODULE 


BWS Basic is a multitasking Basic 
interpreter that runs on the compa- 
ny’s 7806 Z80-based CPU card for 
the STD Bus. The interpreter han- 
dles standard Basic commands and 
contains features that allow you to 
create and execute in real time a 
Basic program that controls and 
monitors as many as 16 tasks simul- 
taneously. Those features include 
Whent and Whenp, which check the 
timing and I/O-port values before 
executing a task. The Auto com- 
mand provides automatic execution 
of a program when the power comes 
on or when the system is reset. 
Access to the real-time clock elimi- 
nates the need to generate software 
timing routines. The 7806 card fea- 
tures a Z80 processor, two RS-2382C 
ports with cable, and four memory 
sockets—two for system use and 
two for application RAM or ROM. 
You can connect the subsystem to a 
host computer via the serial ports 
and cable. Once you create a pro- 
gram, you can execute it on the STD 
Bus target system or download it to 
a PROM programmer. Software, 
$150; 7806 card, $340. 

Pro-Log Corp, 2411 Garden Rd, 
Monterey, CA 93940. Phone (408) 
372-4593. TWX 910-360-7082. 
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OCR SOFTWARE 


Two versions of the Character 
Image Recognition (CIR) software, 
CIR I and CIR II, allow you to 
achieve recognition of most fonts 
commonly found in business. The 
software operates with the compa- 
ny’s Series 700 scanners and runs on 
the IBM PC. CIR I recognizes the 
standard typewriter and printer 
fonts used in most offices. The pro- 
gram also has an interactive capa- 
bility: When CIR I doesn’t recog- 
nize a character, it displays the 
character in context, and the user 
enters the appropriate letter, thus 
teaching CIR to identify that char- 
acter. You can instruct the CIR II 
package to recognize a new font 
quickly. In the interactive learn 
mode, the software displays each 
character; you identify the charac- 
ter by pressing the appropriate key 
on the keyboard. You can also in- 
struct CIR II in a batch learn mode. 
CIR I, $695; CIR II, $1995. 
Datacopy Corp, 1215 Terra Bella 
Ave, Mountain View, CA 94043. 
Phone (415) 965-7900. 
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C CROSS COMPILER 


The Intel 8051 cross compiler pack- 
age includes a compiler, an assem- 
bler, and a linker; you use it to write 
programs for the Intel 8051 on a 
Unix host and then cross-compile 
the programs to the target uP. Fea- 
tures include a stack frame to mini- 
mize overhead, separate compiling 
and linking, an optimizer, and a 
run-time library. Register declara- 
tions use microcontroller hardware 
registers to produce efficient code. 
The package runs under Xenix Sys- 
tem V on an IBM PC/AT or compati- 
ble. Other versions are available for 
the VAX and MicroVAX, Sun work- 
stations, AT&T 7800 (8B1) and 8B2 
systems, and the Plexus P-35 and 
P-60. $3500. 

Specialized Systems Consul- 
tants Inc, Box 55549, Seattle, WA 
98155. Phone (206) 367-8649. 
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FILE TRANSFER 


The FTP (file-transfer program) 
package, which supports the 
TCP/IP (transmission control proto- 
col/internet protocol), now runs on 
DEC’s RT-11 OS. (The company al- 
ready offers versions for Micro/ 
RSX, RSX-11M, and RSX-11M- 
Plus systems.) The software 
transfers files between different 
Unix-based computers and work- 
stations that also support the 
TCP/IP. It operates with DEC’s 
DEQNA Ethernet network control- 
lers and includes a utility for user- 
initiated file transfers as well as a 
program to turn any RT-11-based 
system into an unattended file serv- 
er. $995. 

Process Software Corp, Box 746, 
Amherst, MA 01004. Phone (413) 
549-6994. TLX 517891. 
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COMPATIBILITY TEST 


The PC-Test suite of tools verifies 
design compatibility of PC-related 
hardware products with an IBM 
PC/XT or PC/AT. The 160 tests fall 
into two groups: One group verifies 
low-level hardware design and ROM 
BIOS routines; the other examines 
the DOS to BIOS interfaces used by 
the operating system. All of the 
tests have been developed from the 
IBM technical reference manuals 
for the PC, PC/XT, and PC/AT. The 
package includes source code for all 
tests. PC/XT version, $11,000; 
PC/AT version, $22,000. 

Award Software Inc, 236 N 
Santa Cruz Ave, Los Gatos, CA 
95030. Phone (408) 395-2773. 
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SOLIDS MODELER 


AC/Solids is a 3-D solids modeler 
that allows you to incorporate dou- 
bly curved surfaces into your draw- 
ings. This package produces a 3-D 
solids model from either a surface 
model or a 2-D outline. It includes a 
selection of primitives and Boolean 
operations for model building. You 
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can view the completed model from 
any vantage point, with hidden lines 
displayed or suppressed, and carry 
out engineering calculations such as 
a part’s mass, surface area, or cen- 
ter of gravity at any time. Also 
included are features to check inter- 
ference and the articulation of a 
mechanism. The program runs on 
DEC VAX and MicroVAX systems 
and on Apollo Domain systems. Sin- 
gle-user version, $9000; VAX or 
MicroVAX with four Apollo nodes, 
$18,000. 

American Channels Inc, 1050 
Waltham St, Lexington, MA 02173. 
Phone (617) 862-4441. 
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B&W ENHANCEMENT 


NoColor runs on the IBM PC, 
PC/XT, PC/AT, and compatible ma- 
chines equipped with a color-graph- 
ics board and a composite monitor. 
This program improves the render- 
ing of color images on a composite 
monochrome monitor. The user can 
toggle between color and B&W 
modes. This program is especially 
valuable in applications that make 
extensive use of color (eg, Lotus 
1-2-3). The program uses 358 bytes 
of memory, and you can boot it via a 
DOS prompt or via an autoexec file. 
$19.95. 

Personal Computer Products, 
3080 Oleott Dr, B-310, Santa Clara, 
CA 95054. Phone (408) 988-0164. 
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SOFTWARE MANAGER 


Aide-de-Camp (ADC), a software 
change-control system, now runs on 
Prime Series 50 machines as well as 
on Unix and DEC VAX VMS ma- 
chines. The ADC system records all 
changes to software in an incremen- 
tal manner and provides a software 
audit trail. Because duplicate copies 
of entire files are not required, the 
company claims that storage sav- 
ings of 50 to 90% can be achieved. 
By combining information manage- 
ment with source-code control, you 
can execute procedures that entail 


multiple changes to various soft- 
ware modules or programs. The da- 
tabase maintains information on 
software files, modules, or pro- 
grams; version changes; external 
documentation; and internal struc- 
tural relationships. A source-code 
compression facility is available as 
an option. Binary licenses cost 
$8000 for Prime office systems and 
$14,500 for Prime computer-room 
systems. 

Software Maintenance and De- 
velopment Systems Inc, Box 555, 
Concord, MA 01742. Phone (617) 
369-7398. 
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OPTICAL DATABASE 
Optifile is a hardware/software 
package that uses multiple WORM 
(write once, read many) optical-disk 
drives to configure a multiple- 
write/read file-server system. The 
package allows as many as 32 files to 
be open concurrently; because the 
file-access protection codes have 
passwords, the system is suitable 
for use as a node in a computer 
network and in most applications 
that require removable media with 
a capacity as high as 1G byte per 
disk, and/or require as many as 56 
drives in the system. An electrome- 
chanical loader/unloader (or juke- 
box feature) mounts and dismounts 
all volumes under program contro!. 
The company claims that, when 
used for archiving, the system can 
reduce storage costs to $0.65 per 
megabyte. The 100 version is a 
DECnet file server that attaches to 
the network via Ethernet. The 200 
version is an optical-disk filing sys- 
tem implemented on a DEC PDP-11 
microcomputer under DEC’s 
RSX-11 operating system; applica- 
tion programs interface with the 
filing system by means of a file- 
access protocol using Macro-11 and 
Fortran calls. From $35,450. 

KOM Inc, 145 Spruce St, Ottawa, 
Ontario, Canada K1R 6P1. Phone 
(613) 238-7766. 
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AMERICAS BEST 
PROGRAMMERS 


Z-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs and tests up to 32 customer 
memory cards populated with EPROMs or 
microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Simple menu driven operation. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14,000 27256’s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs ata time. 
64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
2716 - 27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMS, bi- 
polar PROMs and INTEI MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 


924 South Vermont Avenue 
Glendora, California 91740 
(818) 914-1926 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 











FREE 
PRESSURE 
TRANSDUCER 


for testing in your OEM design. 


No one beats Robinson-Halpern 
price/performance. 


Call us now for fast solutions 
to your requirements. 


1-800-323-7115, ext. 202 
(In PA, call 1-800-323-7114) 
i, Robinson-Halpern 
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“8 Mhz 80286 
IBM PC/XT MOTHERBOARD 


¢ 9 Times Faster Than PC; 65% Faster Than AT 
¢ 1MB Ram On-Board; Zero Wait States 

¢ Optional 80287 Math Co-Processor 

¢ PC/XT Hardware & Software Compatible 


WAVE MATE, Inc. 
14009 S. Crenshaw Blvd. 
Hawthorne, CA 90250 
(213) 978-8600 TLX 194369 
In Europe: Brussels 649-1070 TLX 61828 
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¢ Supports PC-DOS, Unix, Pick, CP/M-86, SMC OS 


EXORbus/MICROMODULE® 
COMPATIBLE BOARDS 
FROM STOCK 







mikul”™ offers a full line of 
EXORbus/Micromodule compatible 
boards including an enhanced 
MM17 replacement, I/O, memory 
and more. 





























For more information contact— 


Jeu’ 


A Division of TL Industries, Inc. 
2541 Tracy Road Toledo, Ohio 43619 © (419) 666-8144 

















© TRADEMARK OF MOTOROLA 
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ULTRA HI-DENSITY 
WRAPPABLE PANEL FOR 
IBM PERSONAL COMPUTER AT 
Series 403X wrap-type Prota-Pak panel for IBM 
Personal Computer AT accommodates 117, 
16-pin IC’s on ultra-high density .3.2.3.1 column 
spacing with single or dual voltage plane and 
37-pin D-Sub connector for peripheral inter- 
connections plus mounting bracket. 


Aeron ELECTRONICS, INC. 


Prota-Pak Division 
7444 West Wilson Ave., Chicago, IL 60656 
Tel: (312) 867-9600 TWX: 910-221-2468 
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EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST”’ for $1295." 
——— DIGELEC Model 824 ——— 
@ RAM 512K, upgradeable to 2048K 
M@ Programs 2716 to 27512, upgradeable 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220 + devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
™@ Optional IBM-PC/AT menu-driven S.W. 

*SPECIAL INTRODUCTORY PRICE 

PHONE 201-493-2420 

DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 


@ Also mfg of LOGIC, GANG, OEM, PC Board, 
& UNIVERSAL PROGRAMMERS 
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LOW PROFILE 
F.C.C. PART 68 
MODEM 
COUPLING 
TRANSFORMERS 


New Data Modem Coupling Transformer 
for F.C.C. registered telephone intercon- 
nect. Smallest transformer presently 
available that will handle telephone loop cur- 
rents without the use of a holding coil. 

For personal computer plug-in interface 
card. 12112 is rated at 600:600 C.T. @ 90 
mA D.C. Frequency response + 1 dB typical, 
500-3500 Hz. For 300 and 1200 baud opera- 
tion. Meets F.C.C. Part 68 1500V. dielectric 
and longitudinal balance requirements. 

Height only 0.58”. P.C. board footprint 
0.93” by 0.82”. 

Attractive quantity pricing. Immediate 
delivery from distributors. 


MICROTRAN COMPANY, INC., 
145 E. Mineola Avenue, Valley Stream, N.Y. 11582. 
(516) 561-6050 Telex Il: 510-225-8412 
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To advertise in Product Mart, call Joanne Dorian, 212/576-8015 




























POLYPROPYLENE-FILM 
CAPACITORS. 


§ AFFORDABLE 
ENGINEERING 
SOFTWARE 


CP/M-80 
PC/MSDOS 
TRSDOS 


Free 


MasterCard ) 
Catalog . 





cn 
VISA 

| 

© LOCIPRO Root Locus — $69.95 

© ACTFIL Active Filter Design/Analysis — $69.95 

® STAP Static Thermal Analysis — $69.95 

¢ MATRIX MAGIC Matrix Manipulation — $69.95 

© RIGHTWRITER Proofreader & Writing Analyzer $74.95 

ACNAPZ2 AC Circuit Analysis — $69.95 

DCNAP DC Circuit Analysis — $69.95 

SPP Signal/System Analysis — $69.95 

PLOTPRO Scientific Graph Printing — $69.95 

PCPLOT2 High Resolution Graphics — $69.95 


EY ! A Engineering 


Professional Software 
2200 Business Way, Suite 207 © Riverside, CA 9250] 


(714) 781-0252 
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Worlds smallest 
scanning thermometer. 


= Accepts two K/J-type 





Type 710P White Jacket® low-loss, high- 
frequency polypropylene-film capacitors 
feature the lowest dissipation factor available 
in film capacitors with similar temperature 
ratings. Temperature coefficient is negative 
and typically 150ppm/°C over range from 
+25°C to +105°C. Capacitance values, 
0.001 to 1.0 nF. Voltage ratings, 200, 400, 600, 
and 800 WVDC. Write for Bulletin 2091 to 
Sprague Electric Co., 41 Hampden Road, 
Mansfield, MA 02048-1807. 
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68000 Computer 


Single board computers based on the 
Motorola 68000 series of micro- 
processors with up to 1M RAM, 32K 



















ROM, 4 serial RS-232 ports and 2 thermocouples. 
parallel ports (expandable to 22 ports ; 

total), programmable timer module, a Scans both inputs and 
floppy drive controller, and SASI their difference. 
(SCSI) interface for Winchester ad- Toe ; 
dition. All computers include real = Min-max recording. 
time multi-user/multi-tasking “Unix™ a Rugged. 


like” OS9 operating system, BASIC 
09 with run time package,: spread 
sheet, screen editor, mail and spelling 
programs. 


Prices start at $ 9 g 5 .00 


Write or phone 
AAA Chicago Computer Center 
120 Chestnut Lane — Wheeling, IL 60090 
(312) 459-0450 


Unix is a trademark of Bell Telephone Labs. 
O59 and BASIC 09 are trademarks of Microware Systems Corp. 


w 3-year warranty. 















Fluke 52 














® 




















John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, 
Everett, WA 98206, Toll-free: 1-800-227-3800 ext. 229. 
© Copyright 1986, John Fluke Mfg. Co., Inc., Ad No. 4704-50. 
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MODEL 1Q-180 FROM DIGITAL MEDIA 


POWERFUL AND INTELLIGENT, TRULY 
PORTABLE UNIVERSAL PROGRAMMER 










@ Programs PAL.PLE, IFL, PROM, EPROM, 
EEPROM including MOS. CMOS. 
NMOS. ECL. BI-POLAR 

@ No personality modules 

® Emulotes 32K x 8 EPROM/PROM 8 Automatic setf-calibration 

8 Software updatibie for new devices ® Stand-alone operation for fled service 

@ [S232 with automatic Baud rate adjust Ligntweignt (2.5 Ib.) and portable 
between 300 and 19.200 Boud (1 

® Supports JEDEC and Intex Hex formats 

® Built-in ultra fast logic interpreter DML! 

@ Built-in data Manipulation commands 

® Fast/intelligent algorithms for EPROMs 

8 Can drive automatic handlers and 

Gang Adapter 


®@ DMatic mode eliminates operator 
Coused errors 

® Automatic detection of reversed or 
wrong devices 










At only $975, no electrical engineer 
can afford to be without this end-to-end 
Circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture. ..Circuit Simulation. ..PCB Layout. 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 

Call 1-800-225-5669 
today to order your 
package. Bank cards 
welcome. 












x 6 x 07 inches) 

® 32 choracter LCD display 

@ Part numbers and operating modes 
selected from menus 

® Tested by MMI, Tl ond National 
Semiconductor 





















Digital Media, Inc.» 3478 Gibrattar Avenue + Costa Mesa » CA 92626 + USA + (744) 754-1373 
y EWE uit ws Ua 
1284 Geneva Drive 
Sunnyvale, CA 94089 
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OPTIMIZE LOOP PERFORMANCE auiGkay Me easily 
with our Model 250 frequency response apabsis system. Solve 
complex control problems in minutes with built-in synthesis soft- 
ware. Verify model predictions with actual test data. System 
models and tests, presents data in same format for easy com- 
parison. FILE MATH allows any math operation on data files, 
including mixing of test and model data. Comes complete as 
shown with all cables and accessories. 
ENABLE INDUSTRIES, INC. 
3555 Lomita Blvd 
Torrance, CA 90505 
(213) 539-2522 
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NEED CIRCUIT 
PROTECTION? 


WE 


and other worldwide approvals 





E-T-A has “THE E RIGHT STUFF!” 


@ Commercial, Mil & Low Cost Types @ Magnetic 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination @ PC 
Board & Snap-in Mounts 


[Ssyfe/a\ 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 
CIRCLE NO 203 
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Free Engineering Software Brochure 
Micro-CSMP simulates any system including: 
¢ Control and Servo systems ¢ Robotics ¢ High 
Order Filters ¢ Chemical Processes ¢ Stress & 
Strain. A full implementation of |IBM’s S/360 CSMP, 
Micro-CSMP produces graphical results in minutes, 
typically requiring 10-20 lines of input. LSAP 
analyzes linear systems producing Bode, Nyquist, 
and Transient Response plots, and Root-Locus 
diagrams. Micro-CSMP is $900, LSAP is $450 for 
PC-DOS or MS-DOS systems. California Scientific 
Software, 25642 Hazelnut, El Toro, CA 92630 (714) 
581-7654. 
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IEEE-488 to IBM PC/XT/AT 
$275.” 


For only $275.00, 
MetraByte’s model 
MBC-488 GPIB in- 
terface board comes 
complete with a 



























YOUR ONLY CHANCE TO OUTPERFORM 





THE MIGHTY JAPANESE | 

Today’s technology demands top performance com- . ) software driver Sprague-Goodman 
Keats ; which can be called from any upper level lan- ‘ ° 

ponents for absolute reliability and quality at the right vaae. The board offers ful compliance with Gigaherz Trimmer 

price. In Taiwan our Electronic Industry can provide all ys 9078 IFFE-488 specification and can be 







your component needs to counter the Japanese domina- 
tion of the world market. 

When you need high performance Relays, Diodes and 
Rectifiers, there is one company you can call with 
confidence — Intrasource. We are 100% confident of 
our products because every single components is 
designed, built and tested to meet the most stringent 
quality standards. 


We provide prompt delivery and complete back-up 
service on all products. Write or telex us for catalogs 
and samples — absolutely free. 


INTRASOURCE DEVELOPMENT INC. 
P.O. BOX 87-394 TAIPEI, TAIWAN 
TEL: 7134367-9, TELEX: 22772 IDINCO 
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68020 


Boost! Schematic Capture 


"49 


Now a rh sated design tool for your IBM or compatible 
computer that includes everything you need to design, 
edit, and print electronic schematics. Compare these 
features and you will discover that OrCAD/SDT is the 
most powerful, complete, and cost effective schematic 
design tool available. 

¢ Full color & monochrome graphics. 

e Supports A through E size sheets. 

e Unlimited level hierarchy. 

¢ Powerful keyboard macros. 

e Automatic panning. 


Capacitors for Microwave 
Applications. 


A wide selection of single turn Ceramics, 
plus multi-turn Sapphire and Teflon trim- 
mers for applications in the UHF and lower 
regions of the GHz bands. All feature high 
Q, great stability, small size and low cost. 


Sprague-Goodman Electronics, Inc. 


(An affiliate of the Sprague Electric Company) 
aun an 134 Fulton Ave., Garden City Park, NY 11040 
516-746-1385 @ TLX: 14-4533 
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SBC88 DEVELOPMENT AND 
YX CONTROL SYSTEM 


run under program control or in DMA modes. 
Call or send today for your FREE -116 page 
handbook of communications, data acquisi- 
tion and industrial control interfaces for per- 
sonal computers. 
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Corporation 


MetraByte Corp. 440 Myles Standish Blvd., 
Taunton, MA 02780. 


[617] 880-3000 
CIRCLE NO 208 






















WRITE IT - RUN IT - ROM IT 


An 8088 based single board computer that is so simple to use, you will 
be developing applications programs the first day! 


e Choice of 8K BASIC or FORTH ~ =® RS-232 terminal and 




















SECC oe tk 
e 500% plus performance. e Plugs into any existing 


































68000/68010 socket. ¢ On-board 68881 floating point ° Part rotation & mirroring. in ROM : parallel printer port 

math coprocessor chip. ¢ Runs all 68000/68010 pro- ¢ Utility programs for post processing. * 8 channel, 8 bit A/D converter 7 current sinking outputs 
grams. e Great for prototyping the 68020 CPU & 68881 * Over 1600 library parts. * Two 8 bit input ports rated at 500 mA, 50 VDC 
floating point math coprocessor. © 222% Performance * Supports the most common PC graphic Two 8 bit output ports # Up (0. 32Ki0F user memory 
improvement over the 68000 at 12.5 mhz; the EDN boards, printers and plotters. Time of day * Onboard EPROM programmer 
linked list insertion Benchmark showed at 248% BROCHURE and DEMO DISK — NO CHARGE! ° fay aia UNIFORTH 






improvement. 


Computer System 
Associates, Inc. 


7564 Trade St., San Diego, CA 92121/(619) 566-3911 


*INVENTORY REDUCTION SALE 
SBC88-2K $129, while stock lasts 
*SBC88-8K $199 ($59/1000) 
Vesta Technology, Inc., 7100 W. 44th Avenue, Suite 101, Wheatridge, 
CO 80033 (303)-422-8088. 
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DATA ACQUISITION 


& INDUSTRIAL CONTROL 
WITH 


IBM PC/XT/AT 

FREE 116 page 
handbook of DATA 
ACQUISITION, 
INDUSTRIAL 
CONTROL, and 
COMMUNICATIONS 
interfaces for IBM 
PC/XT/AT’s and 
compatibles. In- 
cludes information 
on analog inputs 
and outputs, digital 1/0, IEEE-488, RS-422 
and RS-485 communications interfaces plus 
applications, software and much much more. 


MetraByte 


Corporation 


MetraByte Corp. 440 Myles Standish Blvd., 
Taunton, MA 02780. 







Hillsboro, Oregon 97123 


OrCAD Systems Corporation 
23315 W. Baseline Road NE 
(503) 640-5007 
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a. IPC WIDE BAND CURRENT MONITOR 
























IPC’s current monitors measure AC and 
fast pulsed currents in physical isolation 
from the conductor, thus eliminating 
ground loops and interference noise. 


Many standard designs are available with 
a sensitivity from .001 to 1 V/A. Peak cur- 
rents up to 100,000 AMPs and higher for 
special models. 


For further information, write or call: 


ION PHYSICS CORPORATION 
323 Andover Street 
Wilmington, Mass. 01887 

Tel. (617) 658-6030 























SIMPLIFY BOARD LAYOUT 

MICRO/Q ceramic decoupling capacitors 
share board mounting holes with IC pins 
to simplify board design. Now add more 
active devices with increased density 

in the same space, or design the same 
package on a smaller board. 

Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624 Telex 5106006134 (617) 880-3000 
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rectifiers 

_ bridges 
diodes. . 
assemblies 


BRIDGES. Thousands of types: 50 to 1,400V., to 100A., 
surges to 1,000A. PC board, miniature, round, standard case 
styles. Wire leads, quick-connect. 1 and 3 phase. UL 
recognized. Many special features and unique types. 250 to 
50 ns recovery. DIODES. Thousands of types: 50 to 30 KV, 
to 6A., 250 to 50 ns recovery. ASSEMBLIES. Cartridges, 
blocks, CRT rectifiers. To 300KV. To 35 A. Also many custom 
and special designs. Free engineering help. 


FREE CATALOGS AND SAMPLES 


palgelectronic devices 
us 


21 Gray Oaks Avenue * Yonkers, N.Y. 10710 
914 965-4400 ¢ TELEX 13-1580 
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FREE DEMO DISK 

SCHEMA is a complete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials, Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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INTRODUCING THE FIRST HD64180 
SINGLE BOARD STD BUS COMPUTER 


WinSystems offers the powerful Hitachi 


CMOS 64180 enhanced processor compatible 
with 8080/Z80 software. Features include 





512Kb memory addressing, 2DMAchannels, Between your computer 
4 RS232/RS422 serial /O, 2 16-bit timers, SD and the factory floor 
hardware multiply, & watchdog timer on the <Glaple Listas costa mannbiseoteiasrainat: 


LPM-SBC5. Supports RAM, EPROM, & 
EEPROM. Available in NMOS/TTL or CMOS 
onthe STD Bus. WinSystems |Inc., P.O. Box 
121361, Arlington, TX 76012. 817/274-7553 
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try terminal gives you on-site operator in- 
terface for the Opto 22 Optomux network, 
plus rugged construction and easy 
operation. 


Maple Systems. Inc. 
2615 West Casino Rd. 
Everett. WA 98204 
(206) 347-1292 
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CY232 NETWORK CONTROLLER 
AND PARALLEL-SERIAL INTERFACE 


will connect any RS232 CRT or computer 
to any 8-bit parallel TTL I/O port 

and works with one port or 

up to 255 parallel ports 

in several network 

configurations. 





IEEE-488 BUS EXTENDER 
The GBE IEEE-488 bus extension modules add 
additional flexibility to the IEEE-488 bus by pro- 
viding transparent bus extension over virtually 
unlimited distances. GBE modules com- 
municate over RS-232 cable, modem, and a 
fiber optic link and require no modifications to 
your existing hardware or software. GBEs are 
used in pairs and are $595.00 each. 


Connecticut microComputer, Inc. 
PO Box 186 
Brookfield, CT 06804 
Tel: 1-800-4-CMC-USA 
In CT 354-9395 
TWX: 710 456 0052 


CIRCLE NO 220 . 
Fill out this form to advertise in Product Mart. 


ISSUE(S) REQUESTED 


RATE: 1x 4x 7x 
(Please circle) $725 700 680 615 595 585 £575 


Binary, and 

ASCII-hex modes 

of operation for 

maximum flexibility 

$75 ea. ($30/100) a 

Prototyping board available. we We. 

~ 
Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 
(415) 726-3000 Telex: 171-135 atm: Cybernetic 
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13x 19x 26x 39x 52x 
555 


Company 
Address 
City 
Telephone 


State Zip 


Signature 
AD ENCLOSED 0 AD TO FOLLOW 0 


Mail to: EDN / 275 Washington Street / Newton, MA 02158-1630 
EDN PRODUCT MART appears in every issue — 26x a year! 


EDN April 3, 198¢ 


High Resolution CAD 
on IBM PC 


e 1024x768 or 640x400 
Color Graphics 
e Graphics Editor Electronic Design 
e PCB & IC Design 
e Schematic Capture 
e Interfaces to SPICE, SCICARDS, 
GDS II, Gerber 


e 9-State Logic Simulator for PC 
and VAX 


Chancellor 
Computer 
Corporation 
1101 San Antonio Road 
Mountain View, CA 94043 
800/222-2660 
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REACH OVER 137,000 
READERS — 
ALL SPECIFIERS 
OF ELECTRONIC 
COMPONENTS, SYSTEMS 
AND EQUIPMENT! 
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YSI Data Grabber” 


...a unique multi-sensor temperature 
data acquisition and control system 


The YSI 4500 Data Grabber conditions, digi- 
tizes, linearizes, displays and transmits sig- 
nals and alarm conditions from up to 128 
temperature sensors— RTDs, thermocouples, 
thermistors or diodes. Use it as a stand-alone 
system with detachable keyboard or inter- 
faced with computers, from desktop PCs to 
mainframes, for two-way communications. 
You get precise, user-programmable, multi- 
sensor data acquisition and control at an 
economical price. 


from Yellow Springs 















Yellow Springs Instrument Co.. Inc. Ty sth 
Yellow Springs, Ohio 45387 USA e Phone 513 767-7241 Garam] 
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EPROM PROGRAMMER 
Model 93 with RS-232, 300 to 19.2K baud, 
hardware handshake, ACK/NAK. Compact in- 
struction set including checksum, silicon iden- 
tifiers supports 2758-27513, 2508-2564, 
MCM68764, new Intel Quick Pulse EPROMs; 
2816A-28256 EEPROMs; 8748, 8749 and 
8751 MPU. Formats include Intel, TEK-HEX, 
S-code, and ASC11 for read, write, split byte 
commands. Price $550, software MS-DOS, 
CP/M $40.Optimal Technology, Earlysville, 
VA 22936. 804-973-5482 
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MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- _. if 
Time Clock/Calendar 

in SBX format with on- %& 
board battery backup. 


General Features: 
CL For high performance systems: 

no wait states or software overhead 
C Attaches to all SBX and BLX compatible Multibus boards 
C Programmable alarm clock and periodic interrupts 
C) 12 or 24 hour time modes, in both BCD and binary format 
C Internal 100 year calendar with leap year compensation 
C Selectable automatic Daylight Savings compensation 
C] Contains fifty bytes of general purpose non-volatile RAM 
CO RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois 60067 
Telephone (3 12) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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“Software for 6800/01/05/09 microprocessors. 
Toran /\ si @metelasleli-mmactioe | MaseliielL dae me. On) 
laste relgenelt:-Jasle}(-1¢ i a@. af 7.1) Mle) @-toN lO 
FIRMWARE: Fantom monitor/debugger, math library, 
4K BASIC 
CROSS-SOFTWARE: Assemblers, PL/W Compilers, 
Linker, Simulators 


Wintek Corp 
VV WINTER 1804 South Street 

Lafayette, IN 47904 

347-742-8428 


800-742-6809 
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ELIMINATE DECOUPLING CAPACITORS 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
capacitance of .05 micro-farads per lin. in., at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density on a 
two sided board. 


ELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester, NY 14623 
(716) 244-2570 
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ENHANCE YOUR 
= PC 


UNIVERSAL PROGRAMMER 


Programs EPROMS & PAL expandable 
to BI-POLAR and single chip micro 


LOGIC ANALYZER 
50 MHZ, 8 channel expandable to 32 channel 


GANG PROGRAMMER 


Programs 8 EPROMS with same data or 
different data. 


PROTOCOL ANALYZER 


Monitor and Simulator. 





















$995 











Advanced Microcomputer 
Systems, Inc. 
2780 S.W. 14th St. 


Pompano Bch., FL 33069 


1-800-9PC-FREE 
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IBM PC to HP 
file interchange !!! 









1. PCLIF (Rev 2.5) - New release of 
the software utility that allows 
the transfer of files between an 
IBM PC and HP computers using 
floppy disks. 

e 5.25" transfers don't require 
any additional hardware ! 

e 3.5" disk transfers require 
an ISS FDD35 drive system. 

e runs on the IBM PC, XT, AT 
and the HP Vectra. 

2. FDD35 —- An external 3.5" DS/DD 
floppy disk drive system for the 
IBM PC and XT. 

@ easy connect to IBM PC disk 
drive controller. 
e can be used by DOS and PCLIF. 

ES ev Tae ERS CRE DESERET he ANS SR ESS 
INNOVATIVE SOFTWARE SYSTEMS 

1611-D Crenshaw Blvd. Suite 122 
Torrance, CA 968569 
(213) 544-2465 
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Brochure offers 
specs for multiplexer 


This full-color, 6-pg foldout bro- 
chure provides an overview of Mul- 
timux 1000, a fiber-optic or hard- 
wired 10-channel multiplexer. 
Drawings illustrate typical applica- 
tions, and product specs and perfor- 
mance data cover interface options, 
configurations, data rate, wave- 
length, and sensitivity. An insert 
details performance of an 8-channel 
interface card. 

Lightwave Communications 
Inc, 650 Danbury Rd, Ridgefield, 
CT 06877. 
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Circuit simulator described 


Highlighting the capabilities of the 
Lasar Version 6 simulator, this 
28-pg color brochure describes how 
the system unites VLSI design ver- 
ification and test-program genera- 
tion in a common programming en- 
vironment. The brochure covers use 


Zi2 


of the simulator for applications in 
the design and testing of VLSI cir- 
cuits and pc boards. It details sys- 
tem features, including advanced 
modeling tools (and a library of de- 
vice models), the ability to simulate 
15 logic states, the ability to per- 
form true worst-case timing analy- 
sis, software links that integrate 
Lasar with commercial CAE tools, 
and the ability to model test-system 
attributes. 
Teradyne Inc, 25 Drydock Ave, 
Boston, MA 02210. 
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Product guide for VME Bus 


This 92-pg product guide details the 
company’s VME Bus products. 
Products are grouped in the follow- 
ing categories: development sys- 
tems, CPUs, memory devices, I/O 
units, analog I/O and digital-signal- 
processing parts, display-graphics 
products, factory-automation prod- 
ucts, and packaging. The compre- 
hensive 96-pg book provides techni- 
cal specs, functional descriptions, 
and block diagrams. Application 

notes are included. 
Ironics Inc, 798 Cascadilla St, 

Ithaca, NY 14850. 
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Potentiometers described 


This 12-pg catalog contains informa- 
tion on the vendor’s multiple, slide, 
and semifixed variable resistors. 
The document contains photo- 
graphs, specifications, and schemat- 





SHOGYO INTERNATIONAL CORP, 
782 BOR THERR BOULEVARE. ORERT BECK, NEW YORK 160 


PRES: 12258 oF PBR 


ics of the potentiometers, as well as 
information on the company’s cus- 
tom-design capabilities. 

Shogyo International Corp, 287 
Northern Blvd, Great Neck, NY 
11021. 
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Datacomm catalog 
lists equipment, accessories 


Featuring data and telecommunica- 
tions equipment and accessories, 
the 144-pg Data Communications 
Catalog covers more than 250 sys- 
tem components and hundreds of 
related accessories. Modems, ca- 
bles, multiplexers, test sets, and 
Switches are covered, as are other 
products used to build or upgrade 
communications networks. The doc- 
ument also describes the company’s 
services, including technical consul- 
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tation, service contracts, telephone 
diagnosis, spare-unit guarantees 


for when your parts are being re- 
paired, and board-level repairs. 
Modem Mart, 905 Bassett Rd, 
Westlake, OH 44145. 
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Tool helps estimate 
die size and yield 


The Die Size Estimator slide rule 
lets you estimate the die size of 
cell-based designs. You can use the 
estimator for 2- and 3-~m CMOS 
standard-cell designs. The flip side 
of the slide rule is a yield estimator, 
which approximates good die per 
wafer as a factor of defect density. 
IMP, 70 E Daggett Dr, San Jose, 

CA 95134. 
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Nippon Pulse Motor 
iniand Motor Division 


Sierra Vinta, Arizona 








Salechion aide atures 
4-phase stepper motors 
Covering three types of 4-phase 
stepper motors, this 24-pg selection 
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and application guide also contains 
information on the company’s board- 
type driver circuits, pulse genera- 
tors, and synchronous motors. The 
guide includes specs, typical torque- 
vs-pulse-rate characteristics, and 
schematics for PM-, HB-, and VR- 
type stepper motors. The board- 
type drivers described are desig- 
nated the PS and BCD Series. The 
pulse generators are those in the 
PLC-80K Series and the synchro- 
nous motors are designated the 
PTM Series. All products are pro- 
duced by Nippon Pulse Motor Co. 

Kollmorgen Corp, Inland Motor 
Div, Stepper Products Group, 4020 
E Inland Rd, Sierra Vista, AZ 
85635. 











— 





include RS-232C, RS-2382C ex- 
tended (to 500 ft), UN shielded mul- 
ticonductor, and _ low-capacitance 
shielded multipair. Other cable 
types described are 930, 75Q, twin- 
axle, and plenum. Among the acces- 
sories are connectors, hardware, 

tools, and gender changers. 
Craig Data Cable Co Inc, 652 
Glenbrook Rd, Stamford, CT 06906. 
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Cables and accessories 
detailed 

This 14-pg catalog covers cables and 
cable accessories. Data-cable types 
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alpey-Fisher: 
We' re Hardly a New Source. 


You know our reputation. Quality products. 
High reliability. Technical expertise. Now we've 
_____ combined our 54 years’ experience with leading 
_ edge design and development capabilities to offer 
you state of the art oscillators. Clock. TCXO. 
VCXO. DCXO*. 

You've always looked to Valpey-Fisher for 
stable, reliable crystals. Now look to us for both 
discrete and hybrid clock oscillators as well. 

Same high quality. Same competitive prices. 
Same responsiveness and service. 
For your critical applications ...com- 
mercial, industrial, military... you can't afford 
to overlook us as a source. For information and 
a quotation on standard and custom oscillators: Call 
1-800-982-5737 or FAX your spec (617)435-9289. 


\ALPEY-FISHER 


A SUBSIDIARY OF MATE 
























" 1986. Valpey-Fisher Corporation 
75 South Street, Hopkinton, MA 01748 
Telephone: (617)435-6831. Telex 94-8332 


* * Digitally Compensated Crystal 
Oscillator. 
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TAKE A CLOSER LOOK AT 


MULTIFILAR MAGNET WIRE. 








Whenever two or more magnet wires travel together, MULTIFILAR 
magnet wire is worth a closer look. This parallel-bonded, color-coded 
magnet wire offers many benefits for both small and large users. 

Engineers should specify it when they're concerned with space, 
weight and reliability. Where consistent capacitance and impedance 
characteristics are needed, MULTIFILAR magnet wire outperforms 
windings where two separate magnet wires are used. 

Production users benefit from increased layer winding speeds, 
reduced labor and handling. Color-coding assists in conductor iden- 
tification and reduces termination errors. 

MULTIFILAR magnet wires are custom produced by MWS. 

We guarantee flat, parallel construction in an array of sizes 16 AWG 
and finer, with up to 20 conductors in some sizes. 

Both round and flat constructions are available. Color-coded 
conductors are available in most insulations with up to 10 different 
colors in some sizes. Conductor separation is also Quaranteed with 


certain bonding mediums. a 
For an even closer look, send fora freesample, Specifications and 


ordering information. Production minimums are as low as 500 feet. 





Wire Industries 


51200 Cedar Valley Drive, Westlake Village, CA 91362 


CALL TOLL FREE 1 800 423-5097 
In California 1 800 992-8553, In Los Angeles Area (818) 991-8553. 


Multifilar® is a registered trademark of MWS Wire Industries. 
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PROFESSIONAL ISSUES: A QUESTION OF LAW 





Understand the work-for-hire doctrine 
to obtain your software’s copyright 





Herbert Swartz 
New York, NY 


Along with the proliferation of personal computers in 
the engineering workplace has come an increase in the 
number of employees who try their hand at writing 
software programs. An unfortunate result of this grow- 
ing occupational sideline is the tug of war between 
employer and employee that often erupts over owner- 
ship of the software’s copyright. Unaware of the owner- 
ship provisions contained in copyright law, many em- 
ployees end up losing their software copyrights to their 
employers. 

Employee-employer disputes often hinge on the 
“work-made-for-hire” doctrine, covered in Section 101 
of the 1976 Copyright Act. The doctrine provides 
guidelines for settling copyright ownership in the all 
too common instances when an individual’s employment 
during the development or completion of a copyrighted 
work raises questions about whether the work’s right- 
ful copyright owner is the employee or the employer. 

Obtaining copyright ownership is critical to an indi- 
vidual’s or a business’s ability to market a product 
because, under the act, it is the owner of a copyright 
who retains control over the distribution of the material 
and the making of derivative works. Companies typical- 
ly maintain that they own the copyright because the 
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employee’s job responsibilities contributed to his or her 
ability to develop the software. A second, common 
corporate defense is that the employee made at least 
partial use of the company’s facilities during the proj- 
ect. Employees, on the other hand, often claim that the 
bulk of the project was completed on their own time 
and, therefore, they own the copyright. 


What the law provides 

Section 101 divides work-made-for-hire into two cate- 
gories. The first category covers the work that an 
employee performs within the scope of his or her 
employment. The second category pertains to work 
that a person does as part of a commissioned project. 
Work that falls into the second category is governed by 
a written contract that explicitly states that the pro- 
ject’s work is considered work-made-for-hire. 

In the case of a full-time employee without some sort 
of contract, the main criterion for establishing copy- 
right ownership is whether the work is within the scope 
of the employee’s job responsibilities. To illustrate the 
problems that occur in these situations, attorney Geof- 
frey Berkin of Frerichs and Berkin (Los Angeles, CA) 
offers the hypothetical example of an experienced, 
well-paid software writer for a software development 
company. As a member of a team of programmers 
working on a major application package, John wrote a 
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debugging routine. In creating the routine, he devel- 
oped several algorithms with broad applications that he 
thought could serve as the basis of a marketable 
debugging program. Using a company computer, John 
spent the next few months writing the program both 
during working hours and on his own time. 

According to Berkin, John’s work on the debugging 
program during off hours, although typical, might not 
prove an adequate defense against his employer’s likely 
assertion that the debugging rou- 
tine came about as a result of his 
employment. “It is not uncommon 
for programmers to write their 
own programs on their employers’ 
computers, during working hours 
or in their spare time,” Berkin 
wrote in the May 1985 issue of The 
Computer Lawyer. But whether or 
not John’s efforts constitute work- 
made-for-hire, he elaborated, “de- 
pends on a number of factors— 
which may ultimately be deter- 
mined at the end of expensive and time-consuming 
litigation during which the rights of the programs are 
tied up.” 

An employee can benefit from a written agreement 
that establishes ownership of any works the employee 
creates, but unfortunately, employers and employees 
do not always enter into such contracts. Even in 
instances in which an employment contract exists, the 
document doesn’t always adequately address the ques- 
tion of copyright ownership. In these cases, employers 
and employees often find themselves haggling over 
whether the contract’s stipulations satisfy the require- 
ments of the second category of the work-made-for-hire 
statute. 

Even if the relationship between an employer and an 
independent third party is defined by a written con- 
tract, disagreement over copyright ownership can 
occur if the terms of the agreement are unclear. Usual- 
ly, the two parties find themselves at odds over wheth- 
er the contractor was acting as an employee and, 
therefore, whether his or her work fell within the scope 
of employment. 

An employer can take several routes to try to prove 
that the contractor was actually working as an employ- 
ee and, therefore, the work done by the contractor was 
considered to be within the scope of employment. 
“Parties commissioning software may be able to suc- 
cessfully claim that the outside software developer is an 
‘employee’ where . . . the commissioning party literally 
‘looks over the shoulder’ of the programmer, and close- 
ly directs the work as it progresses,” attorney Lance 
Rose of Brown, Raysman & Millstein (New York, NY) 
wrote in the wake of a recent court decision (Aldon 
Accessories vs Spiegel, 1984). In that case, a New York 
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federal appeals court held that an independent contrac- 
tor was actually an employee acting within the scope of 
employment. 

In addition, the commissioning employer can attempt 
to establish supervision beforehand by reviewing and 
directing the software’s development on a regular 
basis. It can also require the contractor to work on the 
project only during normal working hours on the com- 
pany’s premises and using only its facilities. 

To date, computer law has had 
no definitive case in the area of 
scope of employment. Neverthe- 
less, the federal district court in 
New York decided a copyright in- 
fringement case (West vs City of 
New York, February 1985) that 
may shed light on this aspect of 
computer law. In the New York 
case, a city employee had sued the 
city for publishing charts and 
articles that, the employee said, 
she had prepared on her own time. 
In finding that the copyright belonged with the city, 
the judge gave a broad interpretation of scope of 
employment. The New York case holds some insight 
into how the courts may view scope-of-employment 
boundaries, but there is no guarantee that they will 
decide computer-law cases similarly. The writing of 
computer programs is a special category. Everyone is 
aware that much of the work is done after working 
hours. It is unknown how judges will respond to these 
cases. 


Taking preventive measures 

While they wait for the wheels of the judicial system 
to turn, employees and employers can begin to help 
themselves. Lacking a solid definition of scope of em- 
ployment, the two parties can start to remedy the 
situation by drafting a contract that tailors the scope of 
employment to the specific situation at hand. Attorney 
Berkin cautions employers against drafting contracts 
that define scope of employment so broadly (including 
even employees’ activities outside of work) as to render 
the contracts ineffective. Simply writing, for example, 
that “all products of Employee’s intellect, skill, and 
ability are deemed to have been created within the 
scope of Employee’s employment” is an invitation to a 
lawsuit. A court would probably consider such lan- 
guage too all-encompassing and unreasonable. 

“It would likely be seen as attempting to circumvent 
the definitional limitations in the statute and to change 
the copyright law by contract,” Berkin explains. “Addi- 
tionally, it would likely be seen as overreaching on the 
part of an employer in an attempt to capture ownership 
of intellectual property to which the employer ought not 
to have claim, such as, for example, a video game 
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written by an employee at home on her Commodore 
64.” Berkin offers the advice, however, that a broad 
definition of scope of employment would be honored if 
business needs or circumstances justified it. 
Agreements between employers and third parties 
are less complicated than contracts between employers 
and employees. When a company hires an independent 
contractor, says attorney Stephen Hollman of Gullix- 
son, Hollman & McCroskey (Palo Alto, CA), the writ- 
ten agreement must clearly state 
that the software developed is to 





in the software arts, these provisions seem unlikely to 
terrorize any computer executives,” Berkin notes. 


Share the software’s copyright 

A last possible option for attaining some sort of 
control over software paid for by an employer is joint 
ownership. The 1976 Copyright Act does recognize 
joint ownership. In the case of software, however, the 
assertion of joint ownership is only possible if a person 
or company who has paid for the 
work has assisted in its design and 


be considered a work-made-for- 
hire. If the contract does not ex- 
plicitly make this statement, the 
project isn’t considered a work- 
made-for-hire and the independent 
contractor is considered the owner 
of the software’s copyright. Ac- 


Joint ownership iswt usually 


an ideal situation; suddenly 
two parties who had no 
intention of entering into a 
partnership are partners. 


creation. According to the act, 
joint work on a project “is work 
prepared by two or more authors 
with the intention that their contri- 
butions be merged into inseparable 
or interdependent parts of a uni- 
tary whole.” Attorney Hollman 


cording to the 1976 act, the author 
of a creative “expression”—in this case the software— 
owns the copyright to the work. 

Thus, says Hollman, most corporate attorneys are 
careful to insert a clause in an independent contractor’s 
agreement that states that the software is a work- 
made-for-hire, that the person paying for the software 
is considered to be its author, and that the independent 
contractor assigns all of his rights to and interest in any 
copyright ownership of the software to the person 
paying for the work. 


Consider another option 

If an employee’s or a third party’s contract doesn’t 
contain a work-made-for-hire clause, or if a third party 
doesn’t have a contract at all, the 1976 Copyright Act 
contains an assignment section that also addresses 
copyright ownership. Copyright assignees should be 
aware that acquisition through this route requires 
registration with the Copyright Office in Washington, 
DC. For authors, copyright ownership exists upon 
creation; no notification with the Copyright Office is 
necessary. And because work-made-for-hire is akin to 
creation, no notification is necessary in these instances, 
either. Assignment is different: An assignee has no 
rights in the first place. An assignee must register with 
the Copyright Office in order to give notice that he or 
she is the true owner of the copyright. An assignee who 
does not register copyright ownership is barred from 
filing suit against an unwitting infringer. 

Whether a person acquires copyright ownership 
through the Copyright Act’s work-made-for-hire provi- 
sion or the assignment section makes little difference in 
practical terms. The duration of a copyright in a work- 
made-for-hire is 75 years, whereas an assigned copy- 
right endures for the life of the original creator plus 50 
years. Berkin says that, in the context of software, 
these differences are slight. “Given the rate of advance 
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says, “A good example of a joint 
work would be the programming of specific modules by 
an independent contractor, and the design of the overall 
work and programming of other modules by the person 
paying for the software.” 

“If the commissioning party actually writes some of 
the code together with the outside developer,” Lance 
Rose adds, “it is likely they will be considered joint 
authors of the software.” But what if all of the code is 
written by the contractor? How much and what kind of 
contribution must the commissioning party make for it 
to be considered a coauthor? “An employer that deter- 
mines the functions to be performed by the software, 
the manner in which the data is stored and changed, the 
intention of software functions, and features of the user 
interface such as monitor format and response time, 
might well qualify as a contributing designer and 
coauthor of the program,” Rose advises, “despite not 
having personally written a line of code.” 

Joint ownership, however, isn’t usually an ideal situa- 
tion. Suddenly two parties who had no intention of 
entering into a partnership are partners. Although half 
a copyright may be better than no copyright, it is not as 
good as full copyright. You can enhance your chances 
for attaining full copyright by consulting a lawyer and 
paying proper attention to the possibilities set forth in 
the second category of the work-made-for-hire doc- 
trine. EDN 





Author’s biography 

Herbert Swartz is a freelance writer. He holds a law degree 
from Harvard Law School (Cambridge, MA). He practiced 
law for 10 years and now writes on computer law for 
several publications. 





Section Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 


277 


CAREER OPPORTUNITIES 





eto 
. ETTER JOBNOW 


Put our 20 years experience 
placing technical profession- 
als to work for you. Client 
companies pay all fees; you 
get our expert advice and 
counsel FREE. Nationwide 
Opportunities in Communi- 
cations, Defense, Intelli- 
gence, Computer, Satellites 
and Aerospace Systems. If 
you earn over $25,000, we 
have a better, more reward- 
ing job for you... right 
now. U.S. Citizenship is 


required. EBI/SBI desirable. 


Send your resume in confi- 
dence to: Dept. EA-ECN. 


San EET 
WALLACH 


associates, inc. 
Snes EE 


Washington Science Center 
6101 Executive Boulevard, Box 6016 
Rockville, Maryland 20850-0616 


Technical and &aecutive Search 


Wallach... Your Career Connection 





1986 Editorial Calendar and Planning Guide 


Issue Recruitment 


Date Deadline Editorial Emphasis 


May 15 Apr. 24 


Programmable Logic Devices; CAE; Communications Components; 
Optoelectronics 


May 29 
June 12 


May 8 
May 21 


Analog Technology Special Issue; Data Converters; Analog ICs 


Digital Technology Special Issue; Personal Computer Boards; Develop- 


ment Systems (CAE-related*); Computer ICs; NCC Show Preview 
Closing: 6/19 
Mailing: 6/30 
June 26 June 5 


CAE Systems; Communications ICs; Military Microcomputers; Semi- 
custom IC Design (CAE-related*) 


Product Showcase—Volume I; IDs & Semiconductors; Hardware & In- 
terconnection Devices; Power Supplies/Sources; Software; Literature on 
Computers & Peripherals, Components, Test & Measurement Instru- 
ments, International Products 


July 10 June 19 


July 24 July 2 


Product Showcase—Volume II: Computers & Peripherals; Components; 
Test & Measurement Instruments; International Products; Literature on 
ICs & Semiconductors, Hardware & Interconnection Devices, Power 
Supplies/Sources, Software 


Call today for information. 

East Coast Janet O. Penn (212) 576-8049 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (212) 576-8048 





CONSUMER ELECTRONICS 


A pioneer in consumer electronics, RCA is a leader in all 
business segments in which it participates — color and black- 
and-white television receivers, video cameras and video 
cassette recorders. We currently have the following engineer- 
ing positions available at our design laboratories in 
Indianapolis, Indiana: 









RF Circuit Design Video Signal Processing 
Deflection Circuit Design Monitor Development 
Switch Mode Power Supply TV Systems 

Design 

These needs are for BSEE, MSEE degreed candidates with a 
minimum three years experience in one of the skill areas 
indicated. 


Please submit your resume to: RCA Consumer Electronics, 
Department 05/5387, Dept. EDN, 600 N. Sherman Drive. 
P.O. Box 1976, Indianapolis, Indiana 46206, ATTN: 
Manager, Employment (6-207). An Equal Opportunity 
Employer. 


LET OUR SPIRIT MOVE YOU 
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SIEMENS 


Information Systems, Inc. 


Engineering Careers 
In Office Automation 


We’re recognized as the European Leader in 
Voice & Data Technology. Our PABX 
technology in SATURN® and other 
achievements has gained worldwide 
attention. We currently seek 
software/hardware professionals with a 
minimum of 2 years experience in the below 
areas, and who have the skills and drive to 
make an impact on the future of 
telecommunications and to contribute to the 
ISDN SYSTEM DEVELOPMENT. 


@ Voice and Data Call Processing Software 

@ On-Line Dependability/Maintenance 
Software 

@ Man Machine Language/Administration 
Software 

@ Integrated Voice-Data Terminals 

@ Digital Telephone PBX Terminal Equipment 


















Interested candidates, please send resume to: 
Glenn Ogden, Dept. 380971, Siemens 
Information Systems, Inc., 5500 Broken 
Sound Bivd., N.W., Boca Raton, FL 33431. 
Equal Opportunity Employer M/F/V/H. 






Siemens... 
since 1847. A world leader in electronics. 
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Rockwell International’s Collins Transmission Systems Division 


Who do you think builds the most advanced 
565 Mbis fiber optic transmission telecom- 
munications...and developing gigabit 
systems? The fastest-growing lightwave com- 
petitor, Rockwell International's COLLINS 
TRANSMISSION SYSTEMS DIVISION in 
DALLAS, TEXAS. 


TELECOM LEADERSHIP 


Leadership is nothing new to us. For over 
30 years, we have been at the forefront of 
telecommunications technology, including 
high capacity and low capacity lightwave 
systems, digital and analog multiplex 
systems, and I-18 ghz digital and analog 
microwave radio systems. We are the largest 
independent supplier of transmission 
systems to Bell operating companies, in- 
dependent telcos, inter-exchange carriers 
and corporations. Our broad expertise 
ranges from optical systems science, Op- 
toelectronic devices, advanced RF, hybrid 
microelectronics, SMT automation, digital 
signal processing and CAD. 


ORGANIZED TO EXCEL 


Collins Transmission Systems Division offers 
an organization dedicated to eliminating 
communication barriers. Product planning, 
advanced technology, R&D, manufacturing 
and quality are all integrated at one loca- 
tion. You will have all your technology 
resources available on a person-to-person 
basis. Our organizational excellence is a pro- 
ven business edge in developing new 
technologies for dynamic, expanding 
telecom markets. 


DYNAMIC BALANCE 


Advanced technology, a close-knit environ- 
ment, and business success, add up to an 
outstanding place in which to advance, pro- 
fessionally and personally. 
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THE LIGHTWAVE LEADERS 


LIGHTWAVE/FIBER OPTICS DESIGNERS 


Digital Project Leaders & Managers—BsEE with minimum of 6-8 years experience 
with high speed digital circuit design. Fast CMOS TTL/ECL logic. semi-custom/custom LSI. gate ar- 
rays, PCM and microprocessors required. Project leadership experience necessary. CCITT/CEPT ex- 
pertise desired. Duties involve providing project direction over junior engineers for lightwave transmis- 
sion equipment. 


Digital VLSI Engineers—BSEE/MSEE with a minimum of 4-6 years experience in 
semicustom VLSI design, fast CMOS and ECL technology. Expertise with Daisy CAD sytems. custom 
VLSI and 50 MHz CMOS desired. 


Digital Signal Processing Engineer—BSEE/MSEE with 4-8 years experience in DSP. 
time domain equalizers, 256 QAM modulation, multi-level modulation. passive filters and FIR digital 
filters required. 


High Speed Digital Engineers—BSEE with 2-4 years experience in high speed digital 
design using ECL logic design, multiplex circuits. demultiplex circuits required. Knowledge of impe- 
diance matching and load termination desirable. Prior analog circuit experience very helpful. Exper- 
tise in LSI, SPICE, CAD, helpful. Position involves design of digital multiplex/demultiplex modules 
for high capacity lightwave transmission equipment. 


DIGITAL AGCESS CROSS-CONNECT DESIGNERS 


DACS Hardware Engineers—BSEE/MSEE with minimum 3-8 years of experience in 
the design of electronic cross-connect systems with DS! to DS3 termination hierarchies. Experience 
in high/low frequency VLSI custom circuit design. digital signal processing. surface mount technology 
and CAD/CAM development equipment required. 


DACS Software Engineers—BSEE/MSEE with 3-10 years experience in software 
development of electronic cross-connect systems with DS! to DS3 termination hierarchies. Experience 
requires UNIX, C Programming and 68000 microprocessor applications. Software tasks include 
development of operating systems, data base management. maintenance and switch control. provi- 
sioning and remote telemetry interfaces. 


SURFACE MOUNT TECHNOLOGY 


Surface Mount Device Engineer—BSEE/ME with a minimum of 3-5 years of process- 
ing engineering experience using surface mounted devices in an automated microelectronics manufac- 
turing environment. Knowledge of screening processes. pick and place machines. other component 
robots. infrared and vapor phase reflow, visual inspection systems and automated cleaning systems 
desired. Should have experience with processing of double-sided high density boards. mixed 
technology lines and solder/reflow methods desired. 


SMT Autotest Engineer—BSEE with 2-6 years experience in SMT in-circuit autotest on 
high speed circuits. Knowledge of HP equipment. BASIC. PASCAL and test fixturing required. 


Rockwell International offers its people an excellent compensation package that includes a Rockwell 
savings/stock ownership plan, medical insurance or HMO, dental coverage. retirement plan. life insurance. 
100% tuition reimbursement. graduate/undergraduate on-site continuing education and more. such as 
no state income tax. 


You owe it to yourself to find out what Rockwell may have to offer you. Begin by sending your resume 
in confidence to: Kevin L. Weiss, Professional Staffing, Rockwell International, Collins Transmission 
Systems Division, M/S 401-152, #8457, P.O. Box 10462, Dallas, Texas 75207. U.S. Citizenship Re- 
quired. Equal Opportunity Employer M/F. 


6 Rockwell International 


..where science gets down to business 
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Join our advanced technology industrial LAN 
development group in Ann Arbor, Michigan 
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Sr. / Software Engineer(s), Gateway Product Development 


As an experienced designer-developer of industrial LAN software (“C” devices to standard LANs — ISO/OSI, MAP, etc. Using state-of-the-art 
programming language) with a BSCE, BSCS or BSEE degree, you're compiler “tools,” you'll design / code at the system, subsystem and 
ready to design and develop user-configurable LAN gateway products. module levels, and take the product from conceptualization through 
This software technology will enable users to interface their industrial product support. 


Software Engineer, Advanced Communications Technology 
You'll be using your BSCE, BSCS or BSEE degree and 2-4 years experience design, development and testing of Industrial Standard LAN software, 


in the design and development of industrial LAN software, using the “C” including LAN protocol, real-time subnetwork and local station manage- 
programming language. Your responsibilities will include: research, ment software, all based on marketing requirements. 
e 
Hardware Engineer, Gateway Product Development 
You have a BSCE / BSEE or equivalent degree and 2-4 years of experi- specific subnetwork, target device interface module hardware, 32-bit 
ence in industrial LAN hardware design and development. Based on microprocessor-based processor modules, generic part and I/O inter- 
Marketing requirements, you will design Gateway Products hardware at faces, and associated support circuitry. 


the system, subsystem and module level. Includes system components, 


Hardware Engineer, ISO / MAP LAN 


You will design and develop ISO / MAP LAN product hardware and generate all required design documentation. You're BSCE or BSEE. 
provide technical support for such ISO / MAP products as RF modem (MSEE preferred) degreed and have 2-4 years experience in the design 
modules, 32-bit microprocessors and peripherals, LAN specific LSO or and development of industrial LAN hardware. 


VLSI bus interfaces and surface mounted components. You will also 


Supervisor, LAN Product Standards & Projects 


You would be our standards specialist — an internal resource providing planning product specification / positioning strategies accordingly. 
guidance in product development phases to assure compliance with Requirements include: BS in engineering or computer science (or 
IEEE 802, EIA, ISO and the MAP standards. You would coordinate the equivalent) with 5+ years of experience in digital electronic control 
certification testing (protocol validation) program and field tests, while systems (industrial applications / marketing / product management). An 
supporting marketing activities. Another interesting aspect: analyzing educational focus on control systems / data communications would be 
and projecting the direction of developing MAP standards...and then a plus. 
e e e 
LAN Application Engineer(s) 
Reporting to the Supervisor, Standards & Projects, you would have exhibits, etc....while providing field support / customer interface during 
responsibility for project coordination and application engineering / testing or start-up. Requires a BS in engineering or computer science (or 
consulting as they relate to marketing of our MAP-compatible LAN equivalent); engineering / application experience in data communica- 
products. For example, you could develop the application engineering or tions / computer systems / industrial automation equipment; and knowl- 
certification testing, field tests, customer demonstrations, trade show edge of ISO protocols. 
e e 
Supervisor, OEM Marketing 
In this high-visibility position you would be responsible for key elements You should bring to the position a BS in engineering or computer science 
of MAP-compatible OFM product management — OEM agreements, (or equivalent) and 5+ years of experience in digital electronic control 
product specification / documentation, and customer liaison. Respon- systems (industrial applications / marketing / product management). An 
sibilities would include: establishing the functional requirements of new educational focus on control systems / data communications would be 
products... planning for enhancements...performing competitive analy- a plus. 


ses...and developing product positioning strategies. 


An excellent salary-benefits package, including dental / life / health insurance plans and third party 
relocation assistance is offered. Discover the advantages of Allen-Bradley...and Ann Arbor. 
Call me at (313) 973-1500...or send your resume to: 


rN 
x 


Dan S. Van Buren; Manager, Human Resources 


GB) ALLEN-BRADLEY 
ww’ A Rockwell International Company 
3920 Varsity Drive © Ann Arbor, MI 48104 


An Equal Opportunity Employer M/F /H/V We're reshaping the way industry thinks. 
Principals only. And works. 
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Without imagination, there 
is no vision. Without vision, 
progress comes to a halt. 
Imagination and vision 
thrive at Federal Express. 


It was our vision that made us the 
innovative force in the distribution 
industry. That same vision is propelling 
business into the next century...the 
Information Age. The imagination of 
our employees created ZODIAC, our 
automated system that provides on-line 
optical recognition and computer- 
coding of packages; DADS, our 
sophisticated electronic dispatch 
system; COSMOS IIB, our hand-held 
computer scanner, and ZapMail, our 
unique system for the electronic 
transmission of documents. Our people 
have the vision to create Project 
SATURN, representing a marriage of 
land and satellite-based 
telecommunications networks. 


Imagine with Federal Express. There's 
no telling how far we can take each 
other. For example, we offer 
opportunities to excel in: 


Tandem Software Development 
Satellite Communications 

Packet Switching 

Multi-Level Network Communications 
Voice/Data/Radio Engineering 

Data Compression/Image Processing 
Network Analysis 

Network Modeling 

Data Base Administration 

Systems Programming 

IMS Applications Programming 
Operations Research 
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Vision 


We still understand it’s the imagination 
of our people that creates technological 
achievement. Providing challenges that 
change the way America communicates 
is one of the ways we reward our 
people. Our promotion-from-within 
policy, unusual benefits, and our 
Guaranteed Fair Treatment procedures 
are others. Being included on the list 

of the Top Ten Companies to work for 
in America sums everything up. Isn't 

it time you brought your imagination 

to Federal Express, the company 

with vision? 


It all begins with your resume. Send it 
together with your salary history and 
requirements today, to: 


FEDERAL EXPRESS 
CORPORATION, 


Telecommunications Division 
P.O. Box 727, Dept 3514-610 
Memphis, TN 38194. 


Equal Opportunity Employer M/F. 





Creative People 
Innovative Technology 
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THE KEY TO SUCCESS 


“INNOVATION 


Digital Communications Associates, 
Inc., located in Atlanta, GA, are developers 
of IRMA™. We use state-of-the-art software 
and hardware to develop products for the 
data communications market in a rapidly 
expanding and challenging environment. 


Softwar e We are seeking Software 
: Engineers to develop 3270 
Engineers micro-to-mainframe 
communications systems on IBM PC’s and 
compatibles. Projected areas of 
development include: 


Windowing 

Multi-Tasking 

Graphics 

SNA/LU 6-2 

Distributed Function Terminal 
Technology (DFT) 


You should have a BSCS, BSEE or equivalent 
plus two years experience in design and 
implementation of software on an IBM PC or 
compatibles. Experience with PC-DOS, “‘C,” 
and/or 8086 assembler required; exposure 
to 3270 mainframe data communications 
(SNA, BSC, DFT) preferred. An ability to 
perform self-directed work is a plus. 


At DCA we offer bonuses based upon 
performance, competitive salaries and 
comprehensive benefits. If you are 
interested in joining a leader in the data 
communications industry, respond by 
sending your resume and/or letter of 
interest to: Digital Communications 
Associates, Inc., 1000 Alderman Drive, 
Dept. 929, Alpharetta, Georgia 30201. 
Equal Opportunity Employer. 


_ dea _ 


Digital Communications Associates, Inc 








ENGINEERING 
(HW/SW) 


Top Producer in the largest personnel network system 
currently has openings for ALL Engineering and com- 
puter professionals. Over 200 offices through the U.S. 
and Canada. All fees, interview and relocation expenses 
are borne by our client companies. Please call or submit 
your resume to: 


RIKER PERSONNEL 
8790 Purdue Road, Suite E 
Indianapolis, IN 46268 
(317) 875-9911 
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EDN Career News 











Reach For 








To Reach Your 
Potential! 





Ten times a year, EDN Career News 
publishes the editorial you need to reach 
your professional potential; editorial that 
will help you find a job and keep it. 
Among the special sections you'll 
discover are: 
¢ Regional Profiles for complete 
relocation information to the hot 
technology areas 
¢ Company Profiles & Spotlights 
for expanded overviews of who's 
hiring and where 
e Personal/Professional Growth for 
career development and productivity 
e Salary Surveys for eye-opening 
earnings comparisons 
Next time you receive your copy of 
EDN Career News, read it. And reach 
new heights in your career. 


EDN CAREER NEWS 


For Professional Growth and Development 
Roberta Renard, National Sales Manager 
475 Park Avenue South, New York, NY. 10016 (212) 576-8048 
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ERIM REPORT #4 


The Science of Range-Doppler Imaging 


Fundamental range-Doppler radar imaging 
methods developed at ERIM are providing 
new capabilities in a variety of applications. 
Range-Doppler Imaging 

Fine Resolution microwave or laser images 
of objects which are rotating with respect to 
the radar system can be formed using the 
principles of range-Doppler imaging. Range 
resolution for such a system is provided by 
ranging with wideband waveforms subjected 
to pulse compression to accurately measure 
distance to the scatterers of interest. Cross- 
range, or azimuth, resolution is provided by 
performing Doppler-frequency spectral 
analysis (FFT) within range bins. Signals 
with higher Doppler frequency content are 
associated with scatterers of greater line-of- 
sight velocity which in turn implies increas- 
ing cross-range Offset from object center. 
Display of the range bins and Doppler- 
frequency cells within range bins ina rectili- 
near grid results in a reflectivity image of the 
rotating object or scene. 


With this approach, finer azimuth resolution 
is obtained by performing the Doppler spec- 
tral analysis over increasing time intervals. 
However, as one Strives for finer resolution 
the integration time can become so long that 
individual scatterers begin to move through 
the image resolution cells that one is 
attempting to form. In such a case the 


resultant image quality actually degrades 
with increased integration time. 


Polar-Format Algorithm 


A number of image-formation algorithms 
have been formulated to compensate for the 
effects of motion through cells during the 
integration period. The Polar-Format Algo- 
rithm, developed at ERIM for use with our 
ground-based and airborne imaging radar 
systems, has become widely noted as an 
extremely powerful, yet elegantly simple and 
efficient method for overcoming these pre- 
vious limits of imaging capability. The 
images below show a Volkswagon and its 
associated microwave range-Doppler image 
processed using the Polar-Format algorithm. 
This image was produced using the ERIM 
ground-based, range-Doppler imaging 
facility. 

Applications 

Fine-resolution range-Doppler imaging is 
applicable to a number of situations, includ- 
ing space object imaging (SOI), Inverse Syn- 
thetic Aperture Radar (ISAR), and Spotlight- 
mode SAR for airborne imaging of ground 
scenes. In principle, the approach is suited 
to both optical and radar wavelengths, Also, 
the theory has been extended to allow for 
three-dimensional imaging of objects given 
suitable signal collection configurations. 
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The Environmental Research Institute of 
Michigan (ERIM) is a scientific research 
institute that performs contract research 
services for a variety of sponsors. Our 
sponsors include government organiza- 
tions, industry, and universities. Research 
at ERIM focuses upon remote sensing sys- 
tems, devices, and techniques that span 
the electromagnetic spectrum. Within this 
broad research area, staff members employ 
their knowledge of modern electronics, 
optics, computer science, and infrared and 
microwave physics. 


Career Opportunities 


ERIM'’s technical divisions have research 
and management positions available in 
Ann Arbor, MI, Washington, DC, and Los 
Angeles, CA. Positions are available at 
several levels in the following areas: 


@ Radar System Engineering 
and Analysis 


© Signal and Image Processing 


® Microwave Scattering and 
Measurement Engineering 


© Diffractive Optics 


e E-O/IR System Design and 
Analysis 


Infrared Phenomenology 
Computer Vision 
Optical Computer Systems 


Phase Retrieval/Signal 
Reconstruction 


All positions require a BS, MS, 

or PhD in engineering, physics, 
mathematics, or statistics, along 
with appropriate work experience. 
Salary and benefits are highly 
competitive. 


For details, telephone (313) 
994-1200, ext. 2260. Or send your 
resume to Personnel Administrator, 
Dept. MA, ERIM, P.O. Box 8618, 
Ann Arbor, MI 48107-8618. 


LF/A1 


U.S. Citizenship required 
Equal opportunity employer 


ANNOUNCING 

ANOTHER 

BONUS FOR YOU 
FROM EDN: 





ponte 
Oot en nhance 


a8 wat mmoplascs Coxions —\fe eee eee os 

Every two weeks EDN fee ‘100 “do your 
design jobs more efficiently with editorial focused on 
the applications of new products and technology. Now, 
once a month EDN Product News will augment EDN, 
helping you select new products. In a tabloid format, 
EDN Product News will cover in greater depth the 
components, equipment, and systems you need to 
solve design problems. 


Your copy of EDN Product News will be arriving 
soon. When it does, you’ll see that EDN Product News 
provides the freshest, most detailed information avail- 
able on new products and new-product developments. 


Premiering April 10,1986 
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EDN Databank 


Professional Profile 
Announcing a new placement service for professional engineers} 























To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. a PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
rc and cis What are the advantages of by PSL and it's affiliated offices. ideal job you'd prefer if you knew about it 
scale e Your Identity is protected. Your resume That's why it makes sense for you to register 
e It's absolutely free. There are no fees or is carefully screened to be sure it will not with the EDN Databank. To do so, just mail the 
charges. . be sent to your company or parent completed form below, along with a copy of 
organization. your resume, to: Placement Services, Ltd., Inc. 
Name Parent Company 
Home Address: Your division or subsidiary: 
City State: Zip: Location (City, State) 
Home Phone (include area code): Business Phone if O.K. to use: 





EDUCATION] [worm | ™ [mye | _ cmmounenm 


POSITION DESIRED 
EXPER | E N CE Recent Postion From: To: Title: 


























Duties and Accomplishments: Industry of Current Employer: 

Reason for Change: 

IPREVIOUS POSITION: | 

Job Title: 

Employer: .-_—= = «From: OE acetic CONS, ieee OU 
Division: —_____—____— Type of istry: Solely: 


Duties and Accomplishments: 


COMPENSATION/PERSONAL INFORMATION 
Years Experience Commission Min. Compensation 


Date Available . hispid CO town my home. How long? _____ I rent my home/apt. 0) 
O) Light OC Moderate O Heavy 





0 Employed © Self-Employed © Unemployed 0 Married OC Single Height___Weight__._____ 


i I i A ploye | 
Level of Security Clearance O U.S. Citizen | ( Non-U.S. Citizen i aa i Ho ran = pei belie aat employer 


[J WILL RELOCATE C] WILL NOT RELOCATE () OTHER 


Wl Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 
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BOOK REVIEW 








Two guides to FFT 
algorithms and techniques 


DFT/FFT and Convolution Algo- 
rithms: Theory and Implementa- 
tion, by CS Burrus and T W Parks. 
2382 pgs; $22.50 (softcover); John 
Wiley & Sons, New York, NY, 1985. 
The FFT, Fundamentals and Con- 
cepts, by Robert W Ramirez. 178 
pgs; $28.95 (hardcover); Prentice- 
Hall Inc, Englewood Cliffs, NJ, 
1985. 

Unlike most technical authors 
who discuss the Fourier transform 
and the fast Fourier transform 
(FFT) in strictly mathematical 
terms, CS Burrus, T W Parks, and 
Robert Ramirez provide refreshing 
approaches. The first chapter of 
DFT/FFT and Convolution Algo- 
rithms reviews Fourier integrals 
and transformations, as well as fre- 
quency-domain signals, discrete- 
time signals, and the discrete Fou- 
rier transform (DFT), in a 
mercifully brief 19 pages. If you’re 
familiar with those topics, skip to 
Chapter 2, which contains informa- 
tion about using and calculating re- 
sults with the DFT. Instead of ask- 
ing you to move on your own from 
integral equations through the algo- 
rithm process and finally to working 
computer programs, the authors 
provide Fortran programs in the 
text. In this chapter, you'll find pro- 
grams that range from the radix-2 
Cooley-Tukey routine to the prime- 
factor, or Winograd, routine. 

The book’s third chapter quickly 
describes discrete-time convolution. 
Although the mathematics is suffi- 
cient to introduce convolution and 
show you how to apply it, once again 
the emphasis is on practical applica- 
tions. The last chapter provides the 
most useful information: 20 DFT 
programs and two test programs— 
all written in Fortran. The Fortran 
steps aren't difficult to translate 
into Basic or Pascal. For example, in 
a Basic program, substitute FOR- 
NEXT loops for the DO-CONTIN- 
UE loops in the Fortran listings. 
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You must also translate Fortran’s 
comparison operations that use no- 
tations such as EQ (equal to) and GT 
(greater than) into equivalent IF- 
THEN operations in Basic. 

Besides the Fortran programs, 
the authors also list nine assembly- 
language programs written for the 
Texas Instruments TMS82010 digi- 
tal-signal-processor chip. The pro- 
grams include six FFT routines, a 
DFT and a convolution routine, and 
a second-order Goertzel DFT algo- 
rithm. If you need more information 
about Fourier transforms, consult 
the many references that the au- 
thors thoughtfully list in the first 
three chapters. 

If youre not quite ready to jump 
into FFT algorithms but still want 
an introduction to FFTs, Robert 
Ramirez’s book is an excellent start- 
ing point. In the first three chap- 
ters, the author provides clear de- 
scriptions of the time and frequency 
domains and how you pass informa- 
tion between them. Whereas many 
text and reference books provide 
mathematical derivations that illus- 
trate Fourier integrals and trans- 
forms, Ramirez uses rectangular 
amplitude-vs-time and -frequency 
plots instead. 

The second section of the book 
describes digital Fourier analysis 
starting with a description of the 
discrete- and fast-Fourier trans- 
forms and how they operate. The 
section includes a 20-line Basic pro- 
gram that computes a 32-point DFT 
and provides you with an under- 
standing of how the DFT algorithm 
processes signal information. 

Additional chapters in the second 
section describe how to interpret 
the FFT process’s results. Like any 
powerful tool, you must consider 
carefully how the FFT treats data 
SO you can prepare the raw informa- 
tion for proper processing. Ramirez 
points out the effects of A/D conver- 
sion and describes signal windows 
as well as leakage, aliasing, and 
other sources of errors. Signal plots 
and scope-screen photographs 


graphically illustrate how errors af- 
fect processing results. You'll also 
read about techniques you can apply 
to improve F'FT-processing results, 
as well as typical FFT-applications 

and signal-correlation techniques. 
The last—and shortest—part of 
Ramirez’s book briefly describes 
the mathematics of the FFT and 
includes a radix-2 FFT program 
written in Basic. The book does an 
excellent job of introducing FFT 
signal processing; however, the 
math section doesn’t include all of 
the derivations and equations you’ll 
need to develop your own FFT algo- 
rithms. Yet The FFT, Fundamen- 
tals and Concepts provides an excel- 
lent introduction and a practical 
guide to the Fourier transform. And 
if you’re using a small computer for 
FFT operations, then DFT/FFT 
and Convolution Algorithms should 
be part of your engineering library. 
—Jon Titus 
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In addition to monitoring 
bus activity, you can simulate 
dynamic-data updates in real 
time. That means that if you 
are developing a new prod- 
uct that is going to work on 

ae _a MIL-STD-1553 bus, 
= you can 



















ing 





Systems Integration: . 
The SSA 100 can simulate expensive or 
non-existent hardware and software. 


user programmable processing 
algorithms and conversions. 
You can then display the pro- 
‘ fxcessed data in real time, 
s by means of tables, 

» graphs and charts 
™, for quick look 
capability. 


Introducing a new = 
real-time Systems Integration tool ~~ 


Process MIL-STD-15 
data in real-time and 
simulate up to eight 1553 
buses simultaneously with 
the new SSA 100 


The new SSA 100 (Serial generate simulated remote 
Systems Analyzer) is the first | terminals (RT) and bus through the many available 
and only commercially avail- controller (BC) responses, interfaces such as IEEE 488, 
able pre-processor/ a and do itinreal 4, RS 232, analog/digital out- 
simulator that proc- - J puts, and to mass 


esses real-time data ~ storage devices inclu- 
on the MIL-STD-1553 data ding digital tape and 


bus. Now, not only can you disk controllers. 
check MIL-STD-1553 protocol If MIL-STD-1553 avionics is 


with our SBA 100, but you your arena, then the SSA 100 
can look at specific data will help you save time and 


values and perform data. money. Contact Loral 
analysis and reduction with Instrumentation today. 


the all new SSA 100 embed- 
ded in a proven parallel- pro- 
cessing system architecture. 








The SSA 
can also be pro- “ss 
grammed to distrib- . 
ute this processed data 









time on 

as many as eight MIL-STD- 
1553 dual-redundant buses 
simultaneously. 

The SSA's modular system 
architecture offers many 
optional features that make 
it easier for you to integrate 
and test MIL-STD-1553 prod- 
ucts. Some options include 
IRIG time code generation 
and correlation capability, 
analog/discrete input and 
output capability, automatic 
error and limit checking, as 
well as a bi-directional DMA 
channel to your host com- 
puter. The DMA allows the 
SSA 100 to function as a pre- 
processing element within a 
system. 

As a stand-alone, the SSA 





(LIDIRAANLS 
INSTRUMENTATION 


A SUBSIDIARY OF teareaan. CORPORATION 


8401 Aero Drive 
San Diego, California 92123 
(619) 560-5888 Telex 695222 





Flight Dynamics Simulation: 

The SSA 100 substantially reduces the 
time required to write real-time 
software in the host processor. 


100 can pre-filter MIL-STD- 
1553 data and perform 
various pre-programmed or 
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Complete 
== Expansion 


Flexibility 


Need to expand your Bus? 
Centex has made it easier than ever! 


That's right. A simple iSBX* connection allows you to 
upgrade virtually any Bus structure with a wide variety 
of Zendex ZBX Expansion Modules. No more compati- 
bility headaches. Just an easy, trouble-free way to 
make your system more powerful and flexible. 

Zendex Corporation manufactures a broad range of 


standard and custom designed ZBX Expansion Mod- 


ZBX 488 
IEEE-488 Interface 
Module Eo 

@ Complete intelli- sii EXPANSION. 
gent interface to Hilary 
IEEE-488 1978 
standard. 

@ Standard protocol handled automatically in 
Talker, Listener or controller operations 
through a Tl TMS-9914 GPIB adaptor chip. 

@ RMX-86 drivers available. 


ZBX 349 

Centronics Printer 

Interface Module 

@ Provides direct 
interface to Cen- 
tronics compati- 
ble parallel 
printers through the SBX bus. 

@ Includes an eight foot interface cable which 
plugs into a 50 pin edge connector on the 
board. 

@ Generates data strobe and latches data for use 
by printer. 


ZBX 361 

Dual Serial 1/0 

Expansion Module 

@ Provides two 
RS 232C serial 
communications 
channels using 
two 8251A programmable USARTs. 

@ Iwo 26 pin edge connectors for mating with 
standard 3M type connectors. 

@ Switch selectable dual baud rate clock with 16 
variable rates from 50-19.2K baud. 











ZBX 280 

SCSI Interface 

Module 

@ Supports floppy 
disk drives, Win- 
chester drives 
and streaming 
tape drives. 

@ Supports I/O and DMA modes with DMA 
transfers up to 1.5M bytes/sec. 

@ Utilizes NCR 5380 chip which provides 
complete control of the SCSI bus and full 
handshake signals. 

@ RMX-86 drivers available. 


ZBX 350 a oa 


Parallel 1/0 Expan- 


sion Module 

@ Provides 24 pro- 
grammable 1/0 
lines configured ae 
as three 8-bit ini 
ports through one 8255 program 
peripheral interface. 

@ One of three modes: basic 1/0, strobed I/0 or 
bidirectional bus interface to external buses. 

@ Four 14 pin sockets. 


mable 





6700 SierraLane Dublin, CA 94568 
415/828-3000 TWX 910-389-4009 
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ules, as well as Single Board Computers, I/O Boards, 
Disk Controllers, Design Aids, Chassis, CP/M Compat- 
ible Systems and RMX-86 Compatible Systems. Check 
the ZBX Modules below and give us a call. You'll be 
Surprised to find how easily you can give your system 
the flexibility and power you need. 


ZBX 288 

SCSI with Clock/ 

Calendar 

@ Full ANSI X379.2 
interface. 

@ Utilizes NCR 
9380 chip. 

@ Same clock/calendar features as ZBX 348. 





ZBX 348 
Clock/Calendar 
Module 
@ Provides sec- 
onds, minutes, 
hours, day, date, month a 
single board computer. 
@ Lithium battery provides power for five years. 
@ Accurate to within + 5 seconds per month. 
@ RMX-86 utilities available. 








nd year to any host 


ZBX 351 

Serial 1/0 Expan- 

sion Module 

@ Provides one 
RS232C or RS 
449/442 pro- 
grammable 
USART with software selectable baud rates 
through one 8251A programmable communi- 
Cations interface. 

@ Two general purpose programmable 16-bit 
timer/event counters are available to the host 
board. 





iSBX TM Intel Corp. 
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Rimfire 1400 Design Engineers Jay Peterson and Dick Taylor 


WE RESPONDED WITH THE RIMFIRE 1400 


THE KEY IS DATA MANAGEMENT 

We designed the Rimfire 1400 to be more than 
just another high speed ESDI controller. We 
realized that in addition to speed, superior 
performance comes from sophisticated data 
management. 

Our goal was to optimize disk throughput by 
reducing disk overhead and command time 
without sacrificing bus speed. We accomplished 
this by implementing a 128 Kbyte data cache to 
reduce disk latencies, and by allowing up to 31 
parameter blocks to be built onboard and 
executed concurrently with other Rimfire 1400 
operations. The Rimfire 1400 also offers true 
simultaneous data transfers from ESDI disks and 
4" tape or floppies, all while maintaining a bus 
transfer rate of up to 3.2 megabytes per second. 

You're asking for the highest performance 
products possible. At Ciprico we listen. . . 


and respond. 
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Other Rimfire 1400 features include: 


e Controls 2 ESDI drives, 4 QIC-02 1/4” tape drives, 
and 4 floppy disk drives 

e 48 bit ECC 

e 24 bit addressing 

e Hardware byte-order swapping 

e Scatter read/gather write 

e Sector slipping and sector/track mapping 

e Simultaneous peripheral and Multibus transfers 

e Driver support for UNIX V, UNIX BSD 4.2, and 


iIRMX-86 


For information about our full line of Rimfire and 
Tapemaster products contact us at the following 


locations: 


European Office: 
United Kingdom 
Phone (0276) 682-149 
Telex: 858306 


Ciprico Inc. 

2955 Xenium Lane 
Plymouth, MN 55441 
612/559-2034 


CIPRICO 


_. .where people listen-and respond. 





LOOKING AHEAD 


Falling prices spur sales 
of copier/printer systems 
A decline in prices will be a major 
factor in the growth of the market 
for intelligent copier/printer equip- 
ment, reports the market-research 
company, Venture Development 
Corp (VDC) (Natick, MA). Price 
cutting will gouge the profit mar- 
gins of large and small companies 
that maneuver to maintain or im- 
prove market share. Even as sales 
soar—VDC predicts shipments of 
600,000 units by 1990—only a few 
vendors will see substantial profits. 
Intelligent copier/printers accept 
digital inputs from such equipment 
as graphics scanners and word and 
data processors, and then produce 
documents in bulk. These docu- 
ments can merge text and graphics 
and handle multiple type styles and 
fonts. VDC distinguishes between 
low-, medium-, and high-volume 
copier/printers. Low-volume units 
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produce less than 20,000 pages 
monthly, medium-volume between 
20,000 and 250,000 pages, and high- 
volume units more than 250,000 
pages per month. 

The price war will be hottest at 
the low end, where cost clearly 
plays a more important part in buy- 
ing decisions. New technology that 
will reduce manufacturing costs and 
improve reliability will only compli- 
cate vendors’ strategies, says VDC. 
What’s more, the Japanese, who 
were once content simply to build 
print engines, may soon be ready to 
enter the market at the low end. 

Growth at the high end will be 
slower. High-volume copier/print- 
ers cost more and appeal to custom- 
ers who specifically need to produce 
documents in large quantities, so 
the volatility of prices characteristic 
of the other market segments will 
be less of a factor. The growth of 
medium-volume units is expected to 
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increase between 1985 and 1990 as 
prices start to come down and as 
customers find that they’re at- 
tracted to the systems’ printing 
speeds and computer compatibility. 





Comm ICs to lead the way 
in development of GaAs 


Gallium arsenide ICs—with their 
promise of higher speeds and ability 
to emit light—will in the near future 
make their presence felt most keen- 
ly in the communications segment of 
the electronics industry. According 
to Electronic Trend Publications 
(Cupertino, CA), the total GaAs-IC 
market will grow from 1985’s $60 
million to $1.8 billion in 1990. Dur- 
ing that time, the share of GaAs ICs 
devoted to communications-related 
tasks will grow from 12 to 35%. 

The combination of signal-proc- 
essing and light-emitting functions 
in optoelectronic communications 
ICs is expected to drive the growth 
of GaAs use. Recent progress in 
digital-signal-processing circuits 
based on GaAs substrates has 
opened up a range of possibilities for 
integrated optoelectronic devices, 
says Dr Robert N Castellano, who 
has worked in wafer fabrication at 
Bell Laboratories and Stanford Uni- 
versity. These integrated optoelec- 
tronic devices include light trans- 
mitters and receivers with on-chip 
computational circuitry. 

The initial applications for the 
GaAs optoelectronic ICs will be in 
the large, fiber-optic communica- 
tions trunks currently being in- 
stalled by the major common carri- 
ers. As GaAs technology overcomes 
its cost and technological barriers, 
the devices will find application in 
local-area networks and other sys- 
tems that call for the transmission 
of large amounts of data. Eventual- 
ly, the optical links could replace 
copper connections between chips 
and subassemblies of a system. 
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Molex Is Making The Connection Between.. 








Eleven different components are your building blocks 
for thousands of interconnection solutions. 


FLEXIBILITY 


Molex’s unique family of KK® connectors provide the flexibility 


you need to build interconnections precisely suited to your applications. 


Choose either tin or cost-effective selective gold plating, .100” or 

156” center spacing. Crimp, solder, or insulation displacement 
termination...top, side, or bottom pin entry...break-to-size pin 
headers. ..they’re all standard in thousands of demanding applications. 









approach. 





The KK® connector is just one 
example of how we take a total systems 


The KK® System includes a complete 
line of wire termination tooling from simple 
hand crimp tools to the latest automated 
insulation displacement technology. The 
System also features sophisticated pinsetting 
equipment. Molex goes beyond merely 
supplying connectors to help today’s 
manufacturers achieve lower installed costs. 


Dependable service worldwide. 
Our multi-national organization 
offers you interconnection design, 


manufacturing, and technology from 
around the globe, with dependable 


supply and local service. 
Molex distributors stock 
__ the full line of flexible 

_ KK® connectors for 
your every need. 







Intensive QC programs 
provide reliable connectors 
that stand up to tough 
environmental conditions 
in a wide range of 
electronic applications. 



















Service To The 
Customer. ..Worldwide 


Corporate Headquarters: 2222 Wellington Ct, Lisle. 60532 USA, (314) 969-4550 « European Headquarters: Aldershot, England, (0252)318221 


Northern Asia Headquarters: Tokyo, Japg 





03-478-8777 « 
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heast Asia Headquarters: Jurong Town, Singapore, 65-261-9733 
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MORE-4-LESS™ SERIES 


fith this new design, your | 











SHIPMENT GUARANTEED 


Our PRONTO service promises to ship your or- 
ders (moderate quantities) within 48 hours. 


Usually we can fill the entire order. — 
lob ba soles c-Bc-o(oh mcokeronolet ene Tp» 
the world, get on board with any 
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fo a Kod Cole pmroroyehco(olemestopeted| 
Transformer, 500 Bayview 
Ave., Inwood, NY 11696. 
Phone: (516) 239-5777. 
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Pg Peigh orene another break- : | 
ALTOU system can really take off. 
rd transformer line designed With lighter transformers 
to meet all critical international specifica- 
f lower ticket price than most 
y~ as the new emerging generation competitors. Plus dual screw 
oO FE) Conele (once l-puy.Vele MR ot-odby cena? 
300 to 1000 VA. And high 
PRONTO delivery. A new dual, high- isolation (4000V RMS test). 
temperature Be 
EB Croadbba—roMoyeModd Meclolol-3i-me Cal beebeet-Yobtoa(-Mel-selee 
fitis better performance and lower costs than PRONTO 48-HOUR 
ONE-4-ALL™ SERIES 
(PC AND CHASSIS MOUNTS) 
packed with highly stable, high-temperature 
material that exceeds UL flammability re- 
overall insulating shroud that provides 4000V 
RMS test voltage and superior isolation. 
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bs duces costs... resulting in lower prices than 
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Available in 2.5 to 175 VA, ONE-4-ALLs are 
quirements. And they're ready to go with an 

So, while ONE-4-ALL transformers offer 
those of existing split-bobbin types. 
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TRANSFORMERS 
DESIGNED TO MEET 
VDE, IEC, UL AND CSA 
SPECIFICATIONS — 














